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[DeMgnatiem of Document] SPECIFICATION 

[Title of the Invention] GENE CODING FOR ACETOLACTATE SYNTHASE 
[Claims] 

[Claim 1 j A gene, which codes for the following protein (a) or (b): 

(a) a protein consisting of an amino acid sequence of any one of SEQ ID 
NOS; "2, 4 S & aad 8: 

(b) a protein consisting of m ..amino acid sequence derived from the amino 
acid sequence of any one of SEQ ID NOS : 2, 4 ? 6, and 8 by ■substitution^ 
deleti on or addition of at least one or more amino adds* has resistance to 
a pyrimidinyl carboxy herbicide, and has acetolaetate synthase activity^ 

[Claim 2] An aeetolactate synthase protein, which is coded by the gene 
of claim 1. 

[Claim 3] A recombinant vector, which has the gene of claim L 
[Claim 4] A transfbrmant, which has the recombinant vector of claim 

3. 

[Claim 5] A plant, which has the gene of claim 1 and has resistance to 
a pyrimidinyl carboxy herbicide, 

[Claim 6] A method for cultivating the plant of claim 5, which 
comprises cultivating the plant in the presence of a pyrimidinyl carboxy 
herbicide. 

[Claim 7] A method for selecting a transform ant cell having the gene 
of claim 1* which uses the gene as a selection niarieex. 
[Detailed Description of the Invention] 

[Field of the Invention] 
The present invention relates to a gene coding for acetolactate synthase 
which is a rate-limiting enzyme in the branehed-ehain amino acid biosynthetic 
pathway. 

[Prior Art] 

Acetolactate synthase (hereinafter referred to as *- ALS' ! *) is a rate-limiting 
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enzyme hi the biosynthetie pathway of branched chain amino acids, smh as 
leucine, valine and isoieueine* and is known as an essentia! enzyme for the 
growth of plants. ALS is also known to be present in a wide variety of higher 
plants. In addition, ALS is found in various microorganisms, such as yeast 
(Sacckaromyms cere visiae), Escherichia colt, and SalwomUa typklmurmm < 

Three types of isoenzymes of ALS are known to be pyesent ill EscheficHm 
mil md Salm&mlla h^himurmm. Each of these isoenzymes is a heiero 
oligomer consisting of catalytic gubtmits with a large molecular weight that 
govern catalytic activity of the enzyme and regulatory subtmiis with a small 
molecular weight that function as feedback iiihibitors by binding of 
branehed-ehain amino acids (Chipm&n et aL ? Biocfeim, Biophys* Acta, 1385, 
401-419, 1998)- Catalytic submits are located at llv IIL Uv GM and Ilv BN 
operons, respectively. On the other hand, ALS M yeast is a single enzyme, 
which comprises a catalytic subnnit and a regulatory subunrt, as is the case in 
bacteria (Pang el aL 5 Biochemistry, 38, 5222-5231, 1999). The catalytic protein 
subunit is located at the locus ILV 2. 

In plants* ALS is known to consist catalytic subusit(s) and regulatory 
siibumi(s) as is the case in the above microorganisms (Hershey et ah. Plant 
Molecular Biology 40 ? 795-806, 1999). For example, the catalytic subuait of 
ALS in tobacco (dicotyledon) is coded by two gene loci, SuEA and SuRB (Lee 
et aL ? BMBO L 7, 1241-1248, 1988); and that io maize is .coded by two gene 
loch ais 1 and als 2 (Burt ei al. ? Wends in Genetics 7 ? 55-61, 1991; Lawrence et 
aL ? Plant MoL BioL 18, 1 185-1187, 1992). The nucleotide sequences of genes 
coding for a catalytic subunit have been completely determined for 
dicotyledonous plants Including tobacco, Arahidopsis, rapeseed, cotton, 
XantMum, Amammhus and fvochia (see Chipman et aL, Biochim, Biophys. Acta. 
1385, 401-419, 1998 and domestic re-publication of PCX international 
publication for patent applications WQ97/08327). However, maize and rice 
(Rafcu et a!,, the 26* Conference of Pesticide Science Society of Japan. Lecture 
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Abstracts, pIOL 200!) are the only monacotyledoBOUs plants whose nucleotide 
sequences have been completely determined* 

Meanwhile, herbicides, for example, sulfonylurea herbicides, 
imidazolinon herbicides, tria^lopynimdme herbicides and pyrimidinyl carboxy 
herbicides (hereinafter referred to as *PC herbicides"'},, are known to suppress 
the growth of a plant by inhibiting ALS (Ray, Plant PhyMoL 75, 827-831, 1984; 
Shaker et ah, Plant PhysioL.76, 545-546, 1984; SubrMianian et ah. Plant 
Physiol 96, 310-313, 1991; Shimizii et aL, X Pestie. ScL19 3 59-67, 1994). 

As shown in Tables 1 and 2, known plants having resistance to these 
herbieides contain a gene coding for ALS that includes substitution of one or 
two nucleotides: which induces substitution: of one or two amino acids in a 
region conserved among different species* 



Table 1 

Mutation in plmt ALS which imparts resistance against AL& inhibiting type 

herbicide (1) 



Plant species 



Mutation 



Herbicide 
tested 



Corresponding rice ALS srniBO acid 



Arahidopsis tha liana 
Xontixm strmarium 
Beta vulgaris 
Arabidopsis thaliond 
Arabidopsis thaliano 
Arabidopsis thalionc 
Lactuca serri&ia 
KocMa scop aria 
Koeftm scoparia 
KocMa scoparia 
Koc M a seep ari a 
KochiQ scoparia 
Kochia scoparia 
Brass icq napus 
H i c at in a taba cum 
Nicetina ta&acum 
Nicotina tcbacum 
Arahidopsis tholiano 
Arabidopsis tftaliona 
Beta --vulgar-is 
Si symbrium orient al e 
Brass i.e a tour ne fa rt ii 
Scirpus j unco id es 
Scxrpus juncoides 
Scirpus junmides 
Scirpus Jt^caides 
Scirpus jmmiti&s 
Lindernia mc rant ha 
L i n de rn i <3 p ro cu mb ens 
Lindemia dubia sufcsp. 
Lindernia dubia 
Arahidopsis thaliana 
Arabidopsis the? Hon a 
X ant turn strumdrium 
Arabidopsis Indiana 



Ald987ftr 

Alal22Val 

Ala 10 81 hr 

AlailBThr 

Metl24Glu 

Met I2411e 

{fetalis 

Pro— *Hls 

Prol89Thr 

Praia 9Ser 

ProlSSArg 

FrolSSleu 

Pre 1896 In 

Prol89Alo 

Pro 1735 er 

f>rolS6Gln 

Prol96Ala 

ProI96Sisr 

prol97Ser 

PrclS /'deletion 

ProlSSSer 

Profile 

p ro~~> Al a 

Pro— * Leu 

Proi7SAXa 

Frol7BGIn 

Prcl?9Ser 

ProI79Lys 

Pro~^Ser 

Pro-"*$er 

P ra~-*Al Q 

Argl39Ala 

Argl99Glu 

Alal83¥al 

Phe2®5Arg 



2M 

imsu 



su 
su 
su 

50 
SU 
SU 

su 

su 
su 
su 
su 

1WSJ 



su 
su 

SU 

su 
su 
so 
su 



AlaSSThr 

AtaSSVal 

Ata96Thr 

AloSSThr 

MetSSGlu 

Met 98 Tie 

Met 98 His 

ProlTlKis 

Pral71Thr 

ProlTtSer 

ProlJlArg 

Prol71L^u 

FrolFlSln 

Prol?lAIa 

prol715er 

Proi7XGln 

Prol71Ala 

Prol?XSer 

Prol71Ser 

Pro 17 Id el et io n 

Prol71Ser 

Pro 171116 

Pro 17 Mia 

Prol7lL eu 

Pro 17 lAla 

Pro 171^ In 

PrGl71Ser 

Prol?lLys 

Proi7iSln 

Prol?lSer 

Prol?15er 

Prol/lAlo 

Argl73AIo 

Argl?3Glu 

Alal7Wal 

FheiSSArg 
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Table 2 

Mutation in plant ALS which imparts resistance to ALS-ishibiting type 

herbicide (2) 



Plant species KJiatatiqn '*ESf Corresponding rice ALS amino acid 



fvULf ! (. W J\.y^«f J. J> 








Kochis s cop eric 


i rp4&/ Arc- 




Try465Arg 


Kochio scopciria 


Asn5625sr 


SU 


Asn5395er 


Kochicj scopcarla 


TrpS70leu 




Tf p548Leu 


Gossypi urn h i rs ut L ... 


Trp563Cys 


SO ? 


7ry54£Cys 


Gossypium hirsutus? L, 


. Trp563Ser 


SU ? 


Try548Ser 


Brdssrca ocspus 


TrpSSFLeu 




Try54SLeu 


Zees mays L. 


Trp552Leu 


IM 


Try54SLsu 


Nicotind tobDCum 1. 


Trp53?L&i} 


SU • 


Try54SLeu 


A rah idops i s thai i ana 


Trp574Lisu 




Try54SLeu 


Arabidopsis that lona 


Trp5?4Ser 




?j#54SSer 




TrpS74dsl<2tion 




T ry548tml et ion 


Xantium strusndriuro 


TrpS52Leu 


m 


Try548Leu 


Qryza satrva. 


Trp54BLeu 


PC 


Try54SLeu 


Amaranthus sp- 


7rp569leu 




JryS4Bleu 


Arcoronsus rudis 


Trp5S9Leu 


IKE ' 


TryS4SLeu 


Sisymbrium crieritcrte 






Try548Leu 


Zea mays 




IM 


5erS2?Asp 


lea mays 


5er821A$n 


IM 


Ser6Z7£sn 


Arabidopsis thaliana 


Ser6S3Asn 


IM 


Ser 62 ?Asn 


ArahidQpsls thaliQm 


SsrSSSThr 




5erS27Tbr 


Ar.abidopszs. thaViariu 






Ser627Phe 


Arobidopsis thatiana 


SerSBSdslition 






QryzQ sativo 


Ser 627II« 


PC 


Ser627Ile 


Kochia scoporia 


VaL2?6Glu 


SU 





Examples of such a gene include a gene coding for ALS having 
resistance specific to sulfonylurea ;i$erb:icides (see Kathleen et at ? BMBO J. 7 ? 
1241-1248, 1988; Monrad et at, Planta, 188, 491-497, 1992; Outtim et at, 
Weed Set 43, 175-178, 1995; Bemasconl et at, h Blot Ghent. 270, 
173.8:1.-1738.5, 1995: and IP Patent Piiblication (UneKammed Application) No. 
63-71184); a gene coding for ALS having resistance specific to imidazolinoii 
herbicides (see Mowed et at, Planta, I88 ? 491-497, 1992; Lee et at, FEBS Lett. 
452, 341-345, 1999; and IP Patent Publication (Unexamined Application) No. 
5-227964); a gene coding for ALS having resistance to both sulfonylurea and 
imidazolmon herbicides (gee Kathleen et at, EMBO J, 7, 1241-1248, 1988; 
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Bemascom et al ? L BbL Chem. 270, 1738147385, 1995; Hattori ei al s MoL 
(Sen. Genet 246, 419-425- 1995; Alison et at. Plant Physio L 111. 1353, 1996: 
Rajasekarau et at* Plant Set 1.19, 115-124, 1996: JP Patent Publication 
(Unexamined Application} No, 63-7 1184; JP Patent Pub iicati on (Unexamined 
Application) No, 4-311392; and Bernasconi et aL 5 US Patent 5633437, 1 997); 
and a gene coding for ALS having a high level of resistance to PC herbicides 
(Kakit et aL, the 26 th Conference of Pesticide Science Society of Japan, Lecture 
Abstracts, pi 01, 2001). The production of a plant body showing resistance to 
both sulfonylurea and imidazolinon herbicides has been attempted by crossing a 
plant having ALS showing resistance specific to sulfonylurea herbicides with a 
plant having ALS showing resistance specific to Imidazolinon. herbicides 
(Mourad et at , MoL Gen. Genet, 243, 178-184, 1994). Furthermore, artificial 
alteration of a gene coding for ALS into a herbicide resistance gene has been 
attempted (see Git et at, L. MoL BioL 263 s 359-368, 1996, JP Patent 
Publication (Unexamined Application) No. 63-71184, JP Patent Pablication 
(Unexamined Application) No, 5.227964, JP Patent Publication (PCX 
Translation) No. 11-50421 3). : such that it has been found that a single amino 
acid deletion causes ALS to show resistance to both snlfbnylurea and 
iBXidazolinon herbicides (see JP Patent Publication (Unexamined Application) 
No. 5-227964). 

As described above, ALSs having resistance to herbicides, and genes 
coding for ALS have been aggressively studied. However, only a few cases 
have been reported concerning a mutant ALS gene having resistance specific to 
a PC herbicide using resistance to PC herbicides as an Indicator Moreover, 
there have been also only a few cases reported concerning the study of the 
resistance to PC herbicides and other herbicides. 
[Problem to be solved by the Invention] 

The purpose of the present invention is to provide a gene coding for an 
ALS protein showing extremely high level. of. resistance to PC herbicides or to: 
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snlfbnyhnrea herbicides, an ALS protein coded by the gene, a recombinant 
vector having the gene, a transfontiaiit having the recombinant vector, a, plant 
having the gene, a method for rearing the plant, and a method for selecting a 
transformant cell using the gene as a selection marker. 
[Means to Solve the Problems] 

As a result of thorough studies to achieve the aboire purpose, we have 
completed the present invention by ilndmg that a mutant ALS which is derived 
from the wild type ALS by substituting a certain amino acid residue of the wild 
type ALS with a certain amino acid shows extremely high resistance to PC 
herbicides, 

(1) Speoificaliy, the present invention is a gene which codes for the following 
protein (a) or (b): 

(a) a protein consisting of m amino acid sequence of any one of SEQ ID 
NOS: 2, 4, 6 and 8; 

(b) a protein consisting of an amino acid sequence derived from the amino 
acid sequence of any one of SEQ ID Is? OS; 2/4, 6 and 8 by substitution, 
deletion or addition of at least one or more amino acids, which has 
resistance to PC herbicides and has acetolactate synthase actiYity, 

(2) Further, the present invention is an aeetolaclate synthase protein, which is 
coded by the gene of (I) . 

(3) Furthermore, the present invention is a recombinant vector, which has the 
gene of (1% 

(4) Further, the present invention is a transfbrmant, which has the recombinant 
vector of (3). 

(5) Moreover, the present invention Is a plant, which has the gene of (1) and has 
resistance to PC herbicides. 

(6) Further, the present invention is a method for cultivating the plant of (5) 
which comprises cultivating the plant in the presence of a PC herbicide. 



(7) Still further, the present invention is a method for selecting a trans&rniant 
cell, having tie gene of (I), which uses this gene as a -selection market, 
[Hzoboditn-ents of the Invention] 
Hereunder, a more detailed explanation will he given of the present 
invention. 

The gene coding for the acetolacfate synthase of the present invention 
(hereinafter referred to as "'mutant ALS gene") codes for an acetolactate 
synthase protein (hereinafter referred to as ^mutant ALS protein'*) having an 
amino acid sequence that is different from that of a wild type aceiolaetate 
synthase protein (hereinafter, referred to as "wild type ALS protein"*). The 
mntant ALS protein can be obtained by instating a certain site in a wild type 
ALS protein expressed in a rice plant. The mutant ALS protein of the present 
invention consists of the amino acid sequence of any one of SEQ ID HQS.; 2, 4, 
6, and §L 

The amino acid sequence of SEQ ID NO: 2 is derived from the amino 
add seqneoce of the wild type ALS protein by snbstitotion of proline 171 with 
histi dine and substitution of arginine 172 with serine, A mutant ALS protein 
containing the amino acid sequence of SEQ ID NO: 2 Is referred to as 
"P171H/Ri72S mutant ALS protein/ or "P17iH/Ri 72S mutant," 

The amino acid sequence of SEQ ID, NO: 4 is derived from the amino 
acid sequence of the wild type ALS protein by substitution of proline 171 with 
histi dine and substitution of tryptophan 548 with leucine, A mutant ALS 
protein containing the amino acid sequence of SEQ ID NO: 4 is' referred, to as 
i T17ie/W548L mutant ALS protein/ or i T17IH/WS48L mutant/ 5 

The amino acid sequence of SEQ ID NO: 6 is derived from the amino 
acid sequence of the wild type A LS protein by snbstitntion of proline 171 with 
hisiidinev and substitution of serine 627 with isoleueine. A mutant ALS 
protein containing the amino acid sequence of SEQ ID NO: 6 is referred, to as 
>Ti7iII/S627I inntant ALS protein/ or <T171 11/86271 mutant." 
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The amino acid sequence of SEQ ID MO: .8 m derived from the amino 
acid sequence of the wild type ALS protein by substitution of proline 171 with 
hlstidirte 5 substitution of tryptophan 548 with . leucine, and substitution . of serine 
627 with isoleucine. A mutant ALS protein containing the aniino acid 
sequence of SEQ ID NO: 8 is referred to as "PI 71 H/W548L/S627I mutant ALS 
protein^ or "P 1 7 tH/W548L/S627I mutant/' 

Figs, 1A and B sliow the results of comparisons among the amino acid 
sequences of these 4 types of mutant ALS proteins and the amino acid sequence 
of the wild type ALS protein. Further, in Figs. 1 A and By the amino acid 
sequence in the I st row represents the wild type ALS protein, the amino acid 
sequence in the T 4 row represents PI71H/R172S mutant ALS protein, the 
amino acid sequence in the 3 rd row represents FI71H/W54SL mutant ALS 
protein, the amino acid sequence 'in the 4 th row represents P171H/S627I mmant 
ALS protein, and the amino acid sequence in the 5 th row represents 
PI 7 i e/W548L/S627I mutant ALS protein, 

Compared to the wild type ALS protein, these mutant ALS proteins 
possess* good resistance not only to PC herbicides, but also to sulfonylurea.- and 
Ixnidazolinon herbieides. This can he determined by subcloning a gene coding 
for the mutant ALS protein into p.GEX 2T* transforming co/i or the like with 
the pGEX TL and then examining the sensitivity of the expressed mutant ALS 
protein to herbicides , 
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Examples of a PC herbicide include bispyribac-sadium, 
pyrithiobae-sodlum and pyriminobac, as represented by the following ■•■chemical 
formula I . 




OCH3 

bispyribac-sodBjm #yritMdbac -sodium pyrimisabac 

An example of a sulfonylurea herbicide is chlorsulfliroa, as represented 
by the following chemical formula 2, 




0CH3 

cMorsuIfurosi 



An example of an imidazolinon herbicide is iixiazaqoin, as represented by 
the following chemical formula 3. 




In particular, F171H/R172S mutant ALS protein shows msistaxiee to a 
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certain herbicide at a level not only better than that of a mntant ALS protein 
independently having P171H or RI72S, but also superior to the combined 
resistance predicted feoni the mutant ALS proteins independently ha ving P17I H 
or R] 72S. Further, the mutant ALS protein independently having El 7:2 S does 
not show resistan.ee: to any herbicides, therefore the R.172S mutation is a silent 
mutation. In other words, in PI71H/R172S mutant ALS protein, R172S 
mutation, which is a silent Mutation fey itself, improves the resistance of P I 71 H 
mutant ALS protein. 

Further, P171II/W548L mutant protein shows resistance to a certain 
herbicide at a level not only better than that of a mutant ALS protein 
independently having P 37-18 or W548L ? but also better than the combined 
resistance predicted from the mutant ALS proteins independently having P171H 
or W548L. In other words, P171H/W548L mutant protein shows resistance 
which is far greater than the synergistic effect predicted from the resistances of 
both PI 71 H mutant protein and W548L mutant protein. 

Further, in particular, P171B/S627I mutant protein shows resistance to 
a certain herbicide at a level not only better than that of a mutant ALS protein 
independently having P171B or S627L but also better than the combined 
resistance predicted from the mutant AL S proteins independently .having- P171H 
or S627L In other words, PI 71H/S627I mutant protein shows resistance which 
is far greater than the synergistic effect predicted from the resistances of both 
P17IH mutant protein and S627I nratant protein; 

Still further, in particular* PI 7 1 H/W548 L/ S627I mutant protein shows 
resistance to a certain herbicide better than that of a mutant ALS protein 
independently having P I 7 IH a W548L or S627L 

Moreover, the mutant ALS protein of the present invention may consist 
of any amino acid sequence derived from the amino acid sequence of any one of 
SEQ ID NOS : 2 ? 4, 6 and 8 by substitution, deletion or addi tion of -at least one 
or more amino acids, as long as the sequence has resistance to a PC herbicide 
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and has aceto lactate synthase activity. Here, "one or more amino acids" 
preferably refers to 1 to 30 amino acids, more preferably 1 to 20 amino acids, 
and mom preferably 1 to 10 amino acids. 

Particularly, in the amino acid sequence of SEQ ID NO; 2, **at least one 
or more amino acids" are preferably (ail) amino acids other than the 171 st and 
172 nd amino acids, In the amino acid sequence of SEQ ID NO: =4> ^it- least- one 
or more amino acids* are preferably (an) amino acids other than the 171- and 
548 lh amino acids. In the amino acid sequence of SEQ ID . NO: 6, s %t least one 
or more ammo acids:** are preferably (an) amino acids other than the 17 1 st and 
627 th amino acids. In the amino acid sequence of SEQ ID NO: 8, %t least one 
or more amino acids" are preferably (an) amino acids other than the 171**, 627 tb » 
and S;4:S m amino acids. 

The mutant ALS gene of the present invention Is not specifically 
limited, as long as it has a. nucleotide sequence coding for the above-described 
mutant ALS protein- Examples of the nucleotide sequence include the 
nucleotide sequence of any one of SEQ ID MOB: l v 3, 5 and 7, The nucleotide 
sequence of SEQ IB NO: 1 codes for the amino acid sequence of SEQ ID NO: 2, 
the nucleotide sequence of SEQ ID NO: 3 codes for the amino acid sequence of 
SEQ ID NO: 4, the nucleotide sequence of SEQ ID NO: 5 codes for the amino 
acid sequence of SEQ ID NO: 6 ? and the nucleotide sequence of SEQ ID NO: 7 
codes for the amino acid sequence of SEQ ID NO: 8, The mutant ALS gene 
may have a nucleotide sequence derived from the nucleotide sequence of any 
one of SEQ ID NOS: I, 3 ? S and 7 by substitution of a codon coding for a 
certain amino acid with a degenerate codon. 

Figs, 2A ? B 5 C and D show the results of comparisons among the 
nucleotide sequences coding for these 4 types of mutant ALS proteins and the 
nucleotide sequence coding for a wild type ALS protein. In Figs. 2.A, B, C and 
D, the nucleotide sequence in the I st row represents the wild type ALS protein, 
the nucleotide sequence in the 2 nd row represents P17.1 H/R 1 72 S mutant ALS 



protein, the nucleotide sequence in the 3 rd row represents P171 H/W54SL mBtaiit 
ALS protein* the nucleotide sequence in the 4 th row represents P171H/S627I 
mutant ALS pro tern, and the nucleotide sequence In the 5 lh row represents 
P171H/W54SL/S627I mutant ALS protein. 

M oreover, the mutant ALS gene of the present invention may consist of 
a nucleotide sequence which can hybridize mider stringent conditions to a 
nucleotide sequence: complementary to the nucleotide sequence of any one of 
SEQ ID NOS; L 3. 5 and 7, and codes for an amino acid sequence having 
aeetol aetata synthase activity: "Stringent conditions* refers to conditions 
wherein, a so-called specific hybrid is formed and a non-specific hybrid is not 
formed. Examples of such stringent conditions include conditions whereby 
DMAs having Mgh homology to each other (for example, DMAs having 50% or 
more homology to each other) hybridize and DNAs having, tow homology to 
each other do not hybridize. Specific examples of the stringent conditions, 
under which hybridization is possible, include conditions for washing In the 
normal Southern hybridization, of 60°C, and a salt concentration correspond ing 
to JxSSC, OA % SDS ? or preferably, 0,1 xSSC s 0A% SDS. 

Genes coding for these mutant ALS proteins can be obtained by 
introducing a mutation as described above into a gene coding for a wild type 
ALS protein which is present in the genomic DNA of japonica type rice variety, 
Klnmaze, To introduce mutations, any known techniques can be employed.. 
For example* site-directed mutagenesis can be used. Site-directed mutagenesis 
can be performed using a commercial kit, e»g^ Mutan-K (Takara Shu&o), Gene 
Editor (Promega) or ExSite (Stratagene): 

In addition, a gene coding for the mutant ALS protein can be obtained by 
eulturing wild type culture cells sensitive to a PC herbicide in the presence of 
the PC herbicide and then obtaining the gene front mutant culture cells that 
appear and show resistance to the PC herbicide. Then, a gene coding for ALS 
protein having a new combination of mutations can be synthesized based on the 
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thus found mutations the PGR method and SFR (self polymerase reaction) 
method using enzymes. 

Specifically, first, mRNAs are prepared from mutant culture cells 
resistant to a PC herbicide, cDNAs arc synthesized, and then a eDNA library of 
Agi 11 phage is constructed. Then, the library is screened iislng a nucleic acid 
probe containing part of a gene coding for the wild type ALS protein. Next, 
the insert DNA of the resulting positive clone is suhcloaed into pBIueson.pt II 
■SR-h, to determine the nucleotide sequence. For eDNA inserts that hare been 
shown to ha^e mutations, fragments containing the mutation are synthesized by 
the PGR and SPR methods using as a template pBIuescript II S&* retaining the 
insert DNA. and primers designed based on the wild type rice ALS gene. 
Meanwhile, genomic. DNAs are prepared from PC-herhicide-resistant rice 
culture pells, and various primers are designed based on rice ALS genes. Then, 
primer walking is performed, so that the sequences of ALS genes present in the 
prepared genomic DNAs are determined, and mutations sites are found. When 
mutations are found, fragments containing the mutations are synthesized by the 
PGR and SPR methods. Fragments containing mutations synthesized from 
mutant ALS cDHA cloned into pBIuescript II S1£t {including- the fragments 
containing these .mutations) are subeloned into pOEX :2T, and then E. coli is 
transformed using the vector. 

Clones having the insert DNAs coding for the amino acid sequences 
represented by SEQ ID NGS: 2, 4, 6 or 8 are then selected, so that genes coding 
for mutant ALS proteins can he obtained. In addition, the thus obtained 
plasm! d in which a gene coding for a mutant ALS protein containing the amino 
acid sequence represented by SEQ ID NO: 2 had been incorporated in pGEX 2T 
was deposited as Rice Mutant ALS cDN A 1 (PERM BP-7944), the piasmid 
In which a gene coding for a mutant ALS protein containing the amino acid 
sequence represented by SEQ ID NO: 4 had been incorporated in pGEX 2T was 
deposited as Rice Mutant ALS cDNA 2 (FERM BP-7945), the piasmid in which 
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a gene coding for a mutant A LS protein containing the amino acid sequence 
represented by SEQ ID NO: 6 had been incorporated in pGEX 2T was deposited 
as Mce Mutant ALS cDNA 3 (FERM BP-7946), and the plastnid in which a 
gene coding for a mutant ALS protein containing the amino acid sequence 
represented by SEQ ID NO: 8 had been incorporated in pGEK 2T was deposited 
as Rice Mutant ALS cDNA 4 (PERM BP-7947) with the Patent and 
Bio-Resource Center, National Institute of Advanced Industrial Science and 
Tectinology i-l-l* Higashi, Tsufcuba-shivIbarafeL JAPAN) on March 8 , 

2002 under the Budapest Treaty. 

On the other hand, transfortnation of a target plant using a gene coding 
for th&, mutant ALS protein can impart resistance to various herbicides, such as 
PC herbicides/ to the plant. Any known technique can be used for 
transformation of a plant, For example, a foreign gene can be introduced into 
a target plant cell using . Agrobgcterium tumefacims. 

More specifically, a gene coding for the mutant ALS protein is inserted 
into a binary vector c ontaining T-DN A sequence of a Ti plasm i d o f 
Agrobacterium. The Ti pl&smid is transformed into & e&U md the like. 
Then, the binary vectors : .retaining the gene coding for the mutant ALS protein 
replicated by, e>g„ E, coll are transformed into Agrobacteria which contain 
helper plasmids, Target plants are infected with the Agrobacteria, and then the 
transformed plants are identified. When the identified transformed plant is a 
culture ceil,, the plant cell eaxv be regenerated into a complete plant by any 
known technique. 

To transform a target plant with a gene coding for the mutant ALS protein, 
the gene can be directly introduced using known standard techniques. 
Examples of a method which transforms an expression vector containing a gene 
coding for the mutant ALS protein include the polyethylene glycol method, 
eiectroporatiom and the parti el e gun method. 

A gene coding for the mutant ALS protein may be transformed into any 



type of plant, such as monoeotyie&onous and dicotyledonous plants. Examples 
of a target crop into which a gene coding for the mutant. ALS protein is 
transformed include tic e, maize, wheat, barley, soybean, cotton, rapeseeds* 
sugar beet and tobacco. In addition, turf grass, trees arid the like can be 
transformed by introducing a gene coding &r the mutant ALS protein.. 

In any of the above cases, transformation of a plant using a gene coding 
for the mutant ALS protein can Impart resistance to PG herbicides, -sulfonylurea 
herbicides, and imidazolixiOri herbicides to the plant. 

Moreover, a gene coding for the miitant ALS protein can also be used as a 
selection marker in an experiment for transformation of a plant. For example, 
to transform -a plant cell using a target gene, a vector which, has a gene coding 
for the mutant ALS protein and a target gene is introduced into the plant cell, 
followed by culturing of the plant cell under the presence of a PC herbicide or 
the like. If a plant cell siirvives in the presence of the herbicide, it Indicates 
that the plant ceil contains a gene coding for the mutant ALS protein and the 
gene of interest introduced therein. Further, whether a target gene and a gene 
coding for the mutant ALS protein are in eorporaied into the chromosome of a 
plant cell can be confirmed by observing the phenotype of the plant and then 
examining the presence of these genes on the genome* by genome southern 
hybridization or PGR. 
[Examples] 

Now, the present invention will he further described by the following 
examples, but the technical scope of the invention is not limited by these 
examples. 

[Example I] Production of rice (Kinmaze) culture cells resistant to a PC 
herbicide 

Chaff was removed from rice seeds (variety: Kinmaze, scientific name: 
Oryza sativa van Kinmaze), The seeds were immersed in 70% ethanol for 5 
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minutes, and then Immersed In about 5% aiitiformm for 20 minutes, followed by 
washing several times with sterile distilled water, Then, the seeds were 
static -eul tared on a medium with a composition m shown in Table 3. 



Table 3 



Inorganic salt (mixed saline for 
1 MurasMge-Skoog medium) 


1 pack | 


1 Tfaiamin»HCl (OA g/1) 


i ml j 

■ -5 


\ Nicotinic acid (0.5 g/1) 


1 ml ] 


I Pyridoxine'HCl (0.5 g/1) 


1 ml | 


j Glycine (2 g/1) 


1 ml 1 


i myoinositol (50 g/i) 


2 ml | 


| 2,4-D (200 ppm) 


10 ml \ 


\ Sucrose 


30 g ! 


! Gelrite 


3g ! 




1 


Prepare the jjftediom to 1000 ml with 
distilled water, and adjust pH to 5.7. 


i 
i 



In the above medium composition, 2A-D is synthesized auxin. To 
prepare the medium, first, -a. medium with the above composition was placed in 
a 11 beaker, and distilled water was added to the beaker to 1000 mL Next, the 
solution was adjusted to pi! 5,7, and supplemented with 3 g of Gelrite, The 
Gelrite was dissolved well by heating with a microwave oven, and then the 
mixture was added 30 ml at a time to culture flasks using a pipetter. Next, 
three sheets of aluminum foil were laid over the culture flask, folio wed by 
heating for sterilization in an -autoclave at. 1 21 *C: for 1 5 to 20 minutes. Finally 
the solution was cooled to room temperature so that the media for static culture 
of the abo ve seeds-were prepared. 

Next, endosperm portions were removed from the callus induced oil the 
medium, and then subculture was perfenned. T!ien f part of the obtained call! 
was sub-eultered, that is, cultured successively once per two weeks in a liquid 
medium (the composition is the same as in that shown in Table 3, but not 
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supplemented with Gelrite) supplemented with 1 pM hi spyribae- sodium (one 
type of PC herbicides). Two to 6 weeks later the .culture cells started to wither. 
About 2 months later, a plurality of non-discolored cell masses that were 
thought to be condxieting cell division were obtained from among culture cell 
populations most of which had died and became discolored brown. These cell 
masses were isolated and cultured, so that a plurality of cell lines that can 
proliferate: in the presence of 2 pM bispyrifcae-sodium were obtained. The 
obtained ceil lines were named Kb line, Sr line, Qa line md Vg line, 
respectively. 

Subsequently, the resulting plurality of cell lines were cultured while 
elevating the concentration of hi spyrlb&e-sodiuni in an orderly manner. As. a 
result, cell lines that can proliferate m the presence of 100 pM 
bispyribae-sodium were obtained. The Mspyrihac-sodium resistant culture 
cells {hereinafter referred to as "resistant muitoi") were sub-cultured on 
MS-2 S 4-D solid media supplemented with 1 to 10 pM hispyribac-sodturm Part 
of the sub-cultured resistant mutant was sampled, added into MS-2 ? 4-D liquid 
media not supplemented with bispyribac- sodium, and then subjected, to 
suspended cell culture at a cycle of 8 to 10 days. 

Approximately 1.5. g (wet weight) of the resistant mutant was 
transplanted into a 200 mi Erlenmeyer flask supplemented with 50 ml of a 
MS-2,4~D liquid medium and bispyrihac-sodmm at a certain concentration, 
followed, by euliuring at approximately 27 *C for a certain period. The wet 
weight of the callus was measured periodically. The relative amount of 
increase was determined based on the wet weight of the transplanted resistant 
mutant. In addition, the experiment was performed three times with different 
bispyribac-sodmm concentrations, and the standard error was calculated. 
Figures 3 to 6 show the relation between changes in bispyribac- sodium 
concentration and the relative weight on day 8 or 12 in the resistant mutant. 
As a control a similar experiment was conducted using the wild type (Kmrnaze). 
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Figure 7 shows the result of measuring the relation between hispyrib&e-sodium 
concemration. and relative weight on day 8 in the wild type (Kiiimaze), 

As shown in Fig. 7, the growth of the wild type was not inhibited in a 
group supplemented with 1 nM bispyrihac-sodiurn., but was inhibited in a group 
supplemented with 10 nM m more bispyribac.-soditsoK Oil the other hand* as 
shown in Figs. 3 to 6 ? almost none of the growth of the resistant mutants (Rb 
line, St line, Ga line, and Vg line) other than Vg line was affected even in a 
group supplemented with 10 pM bispydbae-sodiam. Even in Vg line, it was 
shown that the effect of Mspyribac -sodium on the growth was smaller than that 
in the wild type . 

Also in the ease of using cMorsulferon instead of hispyrxbae-sodiurn, the 
growth rates of the wild type and the resistant mutants were measured as 
described above. Figure 8 shows the relation between changes in 
ehlorsulfuron concentration and relative weight on day 9 in the wild type. 
Further, Figs. 9 to 12 show the relation between changes in ehlorsulfuron 
Concentration and relative weight on day 8 or 10 in . the. resistant mutants, that is , 
Rb line, Sr line, Ga line and Vg line. 

As sho wn in Fig. 8, the growth of the wild type was inhibited by addition 
of 1 nM ehlorsulfuron, showing that the wild type has higher sensitivity to 
ehlorsulfuron than to Mspyribac-socliiim. However, as shown in Figs. 9 to 1,2, 
Rb line, Sr line, Ga line and Vg line differed in sensitivity, but the growth was 
not inhibited so much by addition of chlorsulforon, sho wing their resistance to 
ehlorsiilfuroB. Sensitivity to bispyribae-sodium and ehlorsulfuron remained 
almost unchanged in both the wild type and the resistant mutants, even with 
longer culture: duration. The growth rate was almost the same in the wild type 
and the resistsftt mutants. 

These results re veal ed that the resistant mutan ts possess high resistance to 
bispyribac-sodiuKi; Moreover, the resistant mutants were shown to have 
improved resistance io ehlorsulfuron compared to the wild type. 
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{Example 2] Herbicide sensitivity of ALS protein partially purified from the 
resistant mutant 

In this example, mutant: ALS protein was partially purified from the 
resistant mutants obtamed in Example I (Rb line, Sr line and Vg line, with Ga 
line excluded), and then herbicide sensitivity of the obtained mutant ALS 
protein was examined. The mutant ALS protein was partially purified as 
fellows. 

First, 200 g or more of resistant mutant was prepared by a liquid culture 
method (no supplementation with bispyribac*sodium} ? using a composition as 
shown in Table 3 excluding Geliite. Then, about 150 g of the resistant mutant 
was. homagenized : using Hiscoiroxi in a volume of buffer- 1 [100 mM potassium 
phosphate buffer (pH 7,5} containing 20% (v/t) glycerol, 0,5 mM thiamin 
pyrophosphate (TPP), 10 p,M flavin adenine dinueleotide (FAD), 0.5 mM MgGfe, 
and a volume of poly vinyl polypyrrolidone one-tenth that of tissue volume] 
3-fbld greater than tissue volume. The homogenate was filtered through nylon 
gauze* and then centri&ged at 15000 x g for 20 minutes. Ammonium sulfate 
was added to the centrifuged supernatant to 50 % saturation, and then allowed 
to stand in ice for approximately 1 hour. The mixture was again centri&gsd at 
15000 x g for 20 minutes, and then the . precipitated, fraction was dissolved in 
approximately 30 ml of buffer-2 [10 mM Ttis hydro chloric acid buffer (pH 7-5) 
containing 20 % (v/v) glycerol, 0,5 mM TPP and 0,5 mM MgJSiaJ, The 
mixture was again centrifoged at 15000 x g for 20 minutes, and then the 
supernatant fraction was applied to a Sephadex G-25 (Amersham Biosolence). 
About 40 ml of the fraction that had passed through the column was collected as 
a crude enzyme solution , 

Next, the protein concentration of the crude enzyme solution was 
measured by the Bradford method according to the manual of Bio-Rad Protein 
Assay, The crude enzyme solution was then filtered through a Whatman filter 
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(Whatman), and then the crude enzyme solution in an appropriate protein 
amount (10 to 1.5 ml) was applied to three verticdiy-connected HiXrap Q 
columns (Amersham Bioscience) using a FPLG device (Ainersham Bioscience). 
After protein component was adsorbed using HiTtap Q ? unadsorhed fractions 
were washed out using buf&r-2 having a volume 3 to 5 fold greater than the had 
volume. Then, the adsorbed protein component was eluted using an eiuate 
having a volume 10 fold greater than the bed volume (150 ml), Here, the 
eiuate was prepared by dissolving KC! with a linear concentration gradient (0 to 
0,4 M) into buffer-2* The eiuate containing the eluted protein component was 
apportioned, 5 ml each, into a plurality of test tubes for apportioning. Further, 
to. stabilize: ALS protein contained in the eluted protein component, 0.5 mi of 
huffcr-2 containing 20 mM sodium pyruvate had been previously added to each 
test tube for apportioning, 

ALS activity resulting from the mutant ALS protein contained in the 
eluted fractions apportioned into each test tube for apportioning, was measured 
as follows, A reaction solution to be used m a measurement reaction was 
prepared by mixing an eluted fraction to be measured with a solution 
comprising 20 mM sodium pyruvate, 0,5 mM TPK 0,5 mM MgCk, 10 uM FAD 
and 20 mM potassium phosphate buffer (pH 7,5), One ml of this reaction 
solution was used. After the eluted fraction to be measured was added, the 
measurement reaction was performed at 30°C for 40 to 60 minutes. Then, the 
reaction was stopped by addition of 0/1 ml of 6N sulfuric acid (or 0,25 N 
sodium hydroxide). 

After the reaction was stopped, the reaction solution was incubated at 
60°C for 10 minutes, thereby converting acetoiaetate contained in the reaction 
solution to aeetoim 

Then, to quantify acetoin contained in the reaction solution, 1 ml of 0,5 % 
(w/v) creatine and 1 ml of 5 % (w/v) a-naphthol dissolved in .2,5 N sodium 
hydroxide was added to the reaction solution, followed by incubation at 37°C 



for 10 minutes, Aeetofn was then quantified by color comparison of the 
absorbance (at 525 mn) of ike reaction solution, tliereby evaluating ALS activity; 
In addition, since the reaction solution contained a small amount of sodium 
pyruvate, reaction time 0 was used as eontroL 

As a result, ahsorbance at ODS25 nm was as high as approximately 7 per 
0.2 ml of the reaction solution. However, when the above measurement 
reaction was ceased with sodium hydroxide, and aeetaio generation activity due 
to activity other than ALS activity was examined, nearly 80 % of the apparent 
ALS activity resulted from direct acetom generation activity which was not due 
to activity of the mutant ALS protein. Accordingly, the mutant ALS protein 
and the other proteins were separated for aeetofn generation activity by FPLC 
using anion exchange resin. Figure 13 shows the result in the case of using Sr 
line as a resistant mutant. As a result, three activity peaks were detected as 
shown in Fig- 13* 

To determine which one of the three activity peaks corresponded to the 
mutant ALS protein, acetoln generation activity was examined for each peak; 
Thus it was found that a fraction shown by the peak of initial elution 
corresponded to the mutant ALS protein. 

Using the enzyme solution containing the mutant ALS protein, sensitivity 
of the mutant ALS protein to hispyribae-sodimn, chlorsulforon and imazaqmn 
was examined. Sensitivity to each of these herbicides was evaluated by 
measuring ALS activity in the same manner as in the above measurement 
reaction, except that a herbicide was added to a certain concentration before 
addition of the enzyme solution. For comparison, the wild type ALS protein 
was separated and purified (Fig. 14) in the same manner and used for the 
experiment. In addition, bispyrihae-sodium was prepared as an aqueous 
solution, and chlorsulfuron and imazaquin were prepared as acetone solutions. 
The final concentration of acetone in the reaction mixture was 1 %. 

Figure 15 shows the relation between ALS activity inhibition rate and 
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bispyribac- sodium concentration. Figure 16 shows the relation, between ALS 
activity inhibition rate and ehiotsulfuron concentration. Figure 17 slows the 
relation between ALS activity inhibition rate and imazaqum eoBcentration. In 
these Figs, 15 to 17, a dotted line denotes the wild type ALS protein, a long 
dashed double-dotted line denotes Sr line of the mutant ALS protein, a solid 
line denotes Rb line of the mutant ALS protein, and a long dashed dotted line 
denotes Vg line of tHe mutant ALS protein, 

A herbicide concentration which inhibits 50 % of ALS activity (150) was 
feotid from calcidation according to probit analysis, thereby calculating the 
ratio of 150 for the mutant ALS protein vs. 150 for the wild type ALS protein* 
Table 4 shows the results. 



Table 4 

Herbicide 

Blspyribae-sodmxn 

Chlorsulferon 

imazaquin 



ho (pM) 



Wild -type 




Sr 


Rb 


5.63 


97.2 


421 


247000 


17.3 


495 


92.8 


32000 


1480 


44100 


16700 


609000 



Further, based on the results in Table 4, ISO of the resistant mutant 
against each herbicide was divided by 150 of the wild type to work out 
RS. The results are shown in Table 5, 
Table 5 



Herbicide 



Bispyrihae-sodmm 
Ghlors^ifuron 



RS rati o 


Vg 


Sr 


Rb 


17.3 


74J 


43900 


28.6 


5.36 


1850 


29.8 


11.3 


411 



-23 • 



As shown in Figs. 15 to 17 and Tables 4 and 5 ? the mutant ALB protein 
showed a relatively high. ALS activity mm m the presence of the herbicide, 
when compared to the wild type ALS protein. In particular, the mutant ALS 
proteins derived from Kb. line and St line were shown to have sensitivity to 
hispyrihae-sodiuni which was significantly superior to sensitivities to other 
herbicides. That is, Rb and Sr lines possess good resistance to 
bispynbac-sodiurh in particular. 

[Example -3] Cloning of wild type and mutant ALS genes 

In this example, a gene (wild type ALS gene) coding for the wild type 
ALS protein was cloned from the wild type, while a gene (mutant ALS gene) 
coding for the mutant ALS protein was cloned front the resistant mutant. 

Probes used for cloning the wild type ALS gene and the mutant ALS 
gene were prepared as follows. The partial cDHA derived from rice 
(Nippon-bare) showing high homology with the A LS gene of maize was used as 
a probe in this example, 

(1) Determination of the nucleotide sequence of a partial cDNA derived from 
rice (Nippon-bare) showing high homology with the ALS gene of maize 

As a part of the Rice Genome Project conducted by the Society for 
lechno-innovation of Agriculture, Forestry and Fisheries, and the National 
Institute of Agrobiological Sciences,, partial nucleotide sequences of cBNAs of 
rice (Nippon-bare) had been determined and a partial nucleotide sequence 
database of cDNAs had already been established. A.c-DNA clone (Accession 
Mo, 072411) which is known as a nucleotide sequence of approximately 350 bp 
contained in this database showed high homology to the ALS gene of maize. 
The ALS gene of maize had been completely- sequenced. 

This cDNA clone (Accession No. C7241I) was obtained from the 
National Institute of Agrobiological Sciences, and the nucleotide sequence was 
determined as follows. Here, the cDNA clone comprised m ALS homolog 
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gene inserted within g&luescript "II SK>. 5 and it was capable of autonomous 
replication in E, colt. 

First, an ALS hpmplog-tetaimng plasmid vector was transformed into E, 
coll (DB5a), White colonies obtained from a plate were cultured in liquid, 
and then plasmids were extracted from the eelk by standard techniques. Since 
the insert DMA had been inserted between Sal I and Mat I (restriction enzymes 
of multi-cloning sites in the plasmid vector), the vector was digested with the 
two enzymes. The insert was confirmed by agarose electrophoresis. Then, 
the obtained ALS homolog-retaming plasmid vector was purified by standard 
techniques using, e,g. ? KNaseA, PEG and LiCi, followed by sequencing reaction 
using primers and an AB.l BigDyelerminator Cycle Sequencing Kit, 
Conditions for PGR reaction followed the manufeemrer's protocols. Primers 
used herein were Ml 3 primers and synthesized primers designed from the 
determined nucleotide sequence. The resulting PCR product was purified by 
ethanoi precipitation, and then the nucleotide sequence thereof was determined 
by an ASI PRISM 310 sequencer. 

The ALS homolog-retatniiig plasmid vector is known to contain an insert 
DMA with a- length of L6 kk The obtained ALS homoiog-retaining plasmid 
vector was digested with restriction enzymes Sal I and Not I ? and then subjected 
to electrophoresis. As a result, a band of approximately 3 khp corresponding 
to pBltxesedpt II SKt and a hand of approximately L6 kbp corresponding to the 
insert DNA fragment were detected (data not shown). The entire nucleotide 
sequence of the insert DMA portion was determined, and its homology to the 
nucleotide sequence of maige was searched. As shown in Figs. ISA and B». 
84,7 % homology was found. Since the ALS homolog was determined to be a 
partial cDNA of the ALS gene of the -van Nippon-bare, the insert DNA excised 
after digestion with Sal I and Not I was used as a probe. Further in Figs, ISA 
and EL the first row is a nucleotide sequence of the cDNA of the ALS gene of 
the van "Nippon-bare; the second row is that of the ALS gene of maize. 
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(2) Preparation of mRMA from resistant mutant and wild type 

First, the resistant mutant ftozen with liquid nitrogen was crushed with a 
mortar and pestle, and then finely crashed with a mixer for 30 seconds. The 
crushed powder was suspended m mi extraction buffer [(100 mi Tris-HGi pH 
9.0, 100 mM NaCU 1 weighi% SDS, 5 mM EDM) : (p^mercaptoethanol) : fffis 
saturated phenol) — 15:3:20}, and then stirred thoroughly. This solution was 
centrifeged at 12000 x g for 15 minutes, and then the supernatant was collected. 
Two hundred ml of PCI I (Jus saturated phettol) : (chloroform) : 
(isoamyl alcohol) ^ 25:24:1] was added to the supernatant, shaken at 4°C for 10 
•minutes, centrifeged at 12000 x g for I S minutes, and then the supernatant was 
collected* The procedure was repeated twice. A 1/20 volume of 5 M NaG! 
and a 2.2~fold volume of ethanol were added to the obtained supernatant, and 
then the mixture was allowed to stand at ~80°G for 30 minutes. The precipitate 
was collected by eentri&gation at 12000 x g for 5 minutes. The precipitate 
was washed with 70% ethane! ? . dried, and then dissolved in 10 mM 
p-mercapto ethanol solution. Next, the solution was centrifuged at 27000 x g 
for 10 minutes to remove insoluble fraction, A 1/4 volume of 10 M LiCI was 
added to the solution, which was then allowed to stand on ice for 1 hour. 
Further, the solution was centrifuged at 27000 x g for 10 minutes to collect 
precipitate, dissolved in 4 ml of HiO, and then absorbanee at 260 nm was 
measured to find the concentration of RNA. A 1/20 volume of 5 M. NaCI and a 
2. 2-fold volume of ethanol were added to the solution, which was then allowed 
to stand at ~80°G for 30 minutes, Subsequently the solution was centrifuged at 
27000 x g for 10 minutes to collect the precipitate, followed by washing with 
70 % ethanoL and drying. The resulting product was dissolved in an appropriate 
amount of H 2 0 to. obtain a total RNA solution. Here, centrifug&tion was 
performed at 4°C. 

mRNA was separated and purified from total RNA by the folio wing 
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method, A 2x binding buffer (20 mM Tris-HCI (pH 7,5), 10 mM EDTA, 1 M 
NaCI) im a volume equivalent to that of the extracted total RNA solution, was 
added to the extracted total RNA solution, A column filled with OA g of oligo 
4T cellulose (Ametshani Bioscience) was washed with a Ix binding buffer, and 
then the total RNA solution was applied to the coiumn. After the column was 
washed with a Ix binding buffer, an elutton buffer (10 mM Tris-HCI (pH 7.5), 5 
mM. EDTA) was applied, and the eluate collected 0.5 ml at a time. Fractions 
that had passed through the column warn applied to another oligo dT cellulose 
(Amersham Bioscience) column, and treated in the same manner. After the 
concentration of elnted mRK A was calculated based on the absorhanee of each 
fraction, a 1/10 volume of 10 M LiCI and a 2,5-foid volume of sthano! were 
added to the products, and then, the mixtures were allowed to stand. at -80°C for 
30 minutes. Next, the mixtures were centrifuged and the precipitated fractions 
were dried, and dissolved in 100 id of H 2 Q* The thus obtained mRNA was 
sub|ected to size fractionation by sucrose density gradient centrifugation. 

The separated and purified mRNA was applied to a centrifuge tube with 
density gradient given by a 25 % sucrose solution and 5 % sucrose solution, and 
then nitracentrifeged at 27000 rpm for 15 hours at 4°C using a swing rotor, 
After centri&gation, 0.5 ml of each fraction was collected in order of density 
gradient, Absorbance of each fraction was measured, the concentration of the 
collected mRNA was calculated, and the presence 0f AIS mRNA was confirmed 
by hybridization using an ECL kit (ECL direct nucleic acid labeling and 
detection, system, Amersham Bioscience), Hybridization was performed using 
a probe prepared in (I) above at 42°C for 16 hours. After hybridization, 
washing at 42 °C for 5 minutes was performed twice using a primary washing 
buffer provided with the kit and then washing at 42°C for 5 minutes was 
performed once using 2 x SSC solution. The washed film was wrapped with a 
transparent plastic film to keep it Immersed in an attached luminous reagent 
provided with the kit, aad then exposed to au X-ray film. 
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When Sr line was used as the ■■resistant mutant^ approximately 35 mg of 
.total RNA and approximately 4 mg of mRNA could be extracted by the above 
procedures. Further, in sucrose density gradient eenirifugalion, a 
hybridization-positive spot was found for a fraction expected to fee positive. 

When the wild type was used, approximately 95 mg of total EN A was 
extracted in addition to approximately 7 mg of mRNA, When mRNA was 
extracted from. the wild type, the above. Method, was applied except that the wild 
type was used instead of the resistant mutant, 

(3) Construction of cDNA libraries derived from resistant mutant and wild type 

Using 2 jig of mRNA puriiied In (2) above and a cDNA synthesis kit 
(Amer sham Bioscience), cDNA was synthesized, so that a cDNA library derived 
from the resistant mutant was constructed. 

First, RTase provided with the kit was used for a reverse transcription 
reaction; and T4 DNA polymerase provided with the kit was used for a 
subsequent, complementary chain elongation reaction. At the time of 
complementary chain elongation reaction, 3Z P-dCTF was added to calculate the 
yield of cDN A synthesis. After an adaptor was added, the synthesized cDNA 
was incorporated into ?v phage by in vitro packaging method. 

The adaptor added to cDNA was an Em M-Nat l~Bam HI adaptor (Takara 
Shu^o). Adapters with a molar concentration SO -fold greater than that of 
cDNA were added to a solution containing cDNA* Then, T4 DNA Ligase 
(Pharmacia) was added to the mixture followed by ligation reaction at 4°G 
overnight. The reaction solution was applied to MPLC using an AsahiPak GS 
710 column (Asahi Chemical Industry Co., Lid.), followed by monitoring of the 
eluate with ultraviolet rays at a wavelength of 260 tun. The elnate was 
fractionated into 25 fractions of 0 , 5 ml each. Each fraction was measured with 
a Cerenkov counter, and 3 to 4 fractions with a high count were collected. The 
5" terminus of the adaptor contained in the fraction was phosphorylated nsing 



T4 polynucleotide kinase (TaJcara Shuza), and then %gt 11 Eca M mm was 
added io perform ligation. GigaPack Gold III (Stratagene) was added to the 
solution, and then ligation reaction was performed at room temperature for 2 
hours. After reaction, 200 $il of an SM buffer and 8 pi of chlorofdrm were 
added to the reaction solution, thereby preparing a phage solution. This phage 
solution was diluted 1 G-foId. One p& of the diluted solution was Infected with 
E eoli: (Y~1088), to which 0.7 % top agar was added, and then the solution was 
inoculated over an LB plate. The number of plaques that had appeared on the 
plate 4 to 8 hours later was coimted, thereby measuring the titer. 

Synthesis of approximately 74 ng of eDNA derived from Sr line was 
confirmed by the result of DE 81 paper and Cerenkov counting. The result of 
Cerenkov counting after ligation of a vector with an adaptor added thereto 
revealed that approximately 22 ng of M)MA contained the insert was obtained 
for Sr line. The 1DNA was packaged into the phage, thereby preparing a 
eDHA library derived from the cells of the resistant mutant. The titer of the 
library solution was 16600 pfu/jLiL 

When a eDNA library was constructed using mRN'A extracted from the 
wild type according to the above- described method, it was shown that 
approximately 38 ng of eDMA derived . from the wild type had been synthesized. 
Further, approximately 5 ng of XDNA contained the insert was obtained for the 
wild type. Furthermore, the titer of the cDNA library solution derived from the 
wild type was 1 8 160 pfu/jj/L 

(4) Screening of cDKA containing the A LS gene 

To form about 20,000: plaques on plates, the library solution prepared, in 
(3) above was diluted, and then phages derived from the wild type and those 
derived from Sr line were separately inoculated over 10 plates, respectively. 
Plaques were then transferred to a nitrocellulose membrane (Schleicher & 
SchnelL PROTORAN BA85, pore size 0.45 \im% and the nitroceiluiose 
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membrane was immersed in. a denaturation solution (0.5 M NaOFL 1.5 M NaC!) s 
and then in a neutralization solution (L5 M NaCl* 0,5 M Tris-HCl (pH 7.5), I 
mM EDTA) for approximately 20 seconds. Excess water was removed from 
the nitrocellulose membrane using a filter paper, and then the nitrocellulose 
membrane was baked at 80°€ for 2 hours, Here, the baking step was omitted 
when Hybond-NH" (Amersham Biotech) was used instead of a nitrocellulose 
membrane, and immobilization was performed with OA M NaOH for 20 
minutes. 

The insert DNA prepared in (I) above was labeled by two types of 
method, RI and non-RI, and then used as a probe DNA, Labeling with BJ and 
hybridization were performed by the following method. First, approximately 
200 to 500 ng of probe DNA was thermally denatured, and then labeled using a 
BeaBEST DMA labeling kit (Tafcara Shuzo), At the time of Ms labeling 
reaction, a buffer, random primers and 32 P-d€TP provided with the kit were 
added. Next, BeaBEST was added, followed by incubation at 65°C for 30 
minutes. Subsequently, EDTA was added to stop the reaction. The reaction 
solution was applied, to nitrocellulose membranes, so that 8 of the membranes 
contained approximately 100 ng of probes. Hybridization was performed at 
42°C overnight with weak shaking. After hybridizatiom the membranes were 
washed three times with 2 x SSC, 0 J % SDS solution, followed by exposure for 
abont 1 hour to an imaging plate of a BAS 2000 imaging analyzer (Fuji Photo 
Film). Following exposure, positive clones were detected using the imaging 
analyzer. 

Labeling with non-EI was performed by the following method. 
Following thermal denatnration of approximately 200 to 500 ng of probe DNA ? 
DNA labeling reagent (peroxidase) and gfutaraldehyde which were provided 
with an ECL direct DNA/RNA labeling and detection system (Amersbam 
Bioscience) were added, followed by incubation at 37°C« In this case, the 
labeled probe DNA was applied to nitrocellulose membranes, so that 8 of the 
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membranes contained approximately 100 ng of the labeled probe DNA. 
Hybridization was performed, at 42°C overnight with weak shaking. After 
hybridization .,. the membrane was washed three times with a primary washing 
buffer at room temperature for 10 minutes, and then once with ,2 x BSC at room 
temperature for 10 minutes. The membrane was immersed in a luminous 
solution provided with the ECL kit, and then exposed to an X-ray film for 30 
minutes to 3 hours. 

Positive phages obtained by hybridization (primary screening), were 
scraped off together with top agar using a sterile toothpick, and then suspended 
in 200 pi of SM buffer, thereby obtaining a phage solution. Phage solutions of 
each clone were appropriately diluted, infected with £. call strain Y~I G88 ? and 
then inoculated over LB plates. Using these newly prepared plates, 
hybridization (secondary screening) was performed similarly. Positive phages 
were suspended in 200 pi of a SM buffer, thereby obtaining single phages. If 
no single phage was Isolated by secondary screening, another dilution was 
performed, fallowed by inoculation over LB plates. Subsequently, 
hybridisation (the third screening) was performed, so that single phages were 
obtained. 

Next, 1DMA was prepared from the single phages by the following 
methods, X phages collected with a bamboo brochette or a toothpick from 
plaques of positive clones were Inoculated in 200 a! of a 2xYT medium 
(containing 10 mM MgCb and 0.2% maltose) containing 5 jU of a saspension of 
fresh host E, colt (Y10S8), The product was allowed to stand and incubated at 
42°C overnight. Then, the medium was inoculated again m I ml of a 2xYT 
medium (containing 10 mM MgCI 2 and 0.2% maltose) containing 25 t ul of a 
suspension of host E, mil (Y1088), and then shake- cultured overnight (these 
steps compose a pre-euituring process)- The pre-eultured solution (10 to 50 
|U) was inoculated in 12 ml of 2xYT medium containing 10 mM MgCjb and 03 
ml of E. colt Y10S8 suspension. Then, incubation was performed at 42*C 
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overnight with relatively strong shaking, until turbidity Increased after lysis, 
After cuituring, 30 pi of cMoroform. and 1:2 ml of 5 M NaC! were added, and 
then incubation was performed at 42°C for 10 minutes while shaking. The 
product was cenldfuged at 27000 k g for 10 minutes, and then the supernatant 
was newly transferred to a eentrifugation tube. Five nil of 50 % PEG was 
added to the supernatant, and then incubated on ice for I hour or more. The 
product was cenififuged at 27000 x g for 10 minutes, and then the supernatant 
was discarded. Next, another eentrifugation was performed at 27000 x g, and 
then the liquid portion was discarded. The precipitated fraction was suspended 
in 300 |ii of a 30 mM Iris hydrochloric acid buffer (pH 73) con.taiixing 4 jug of 
DNase L 20 jig of RNase A and 10 niM MgCli* The suspension was 
transferred to a 1,5 ml tube. After incubation of the suspension at 37°C for 30 
minutes, 7.5 it! of 20 % SDS, 3jil of proteinase K (10 Big/mi), and 12 pi of 0,5 
M EDTA were added to the suspension, followed by further incubation at 55 0 € 
for 15 minutes. Subsequently, 150 pi of phenol was added to the product, and 
then stirred vigorously. Then the mixture was centrifiiged at 15000 rpm for 3 
minutes using a tOM Y Microcentrifuge MR-1.50 (TOMY DIGITAL BIOLOGY), 
and an aqueous layer was collected. 800 [il of ethyl ether (to which distilled 
water had been added to remove peroxide) was added to the collected aqueous 
layer. The mixture was stirred vigorously, and then cenMfiiged at 15000: rpm 
for 10 seconds and the ether layer was discarded. After the ether extraction 
step was repeated,, ether remaining in the aqueous layer was removed with 
nitrogen gas, Thirty jui of 5 M NaCI and 875 \il of ethanol were added to the 
aqueous Layer, so that precipitated aDNA was rapidly collected. The collected 
XDNA was rinsed with approximately 1 ml of 70 % ethanol, and then dried 
under reduced pressure for approximately 1 minute, thereby removing ethanoL 
The product was dissolved in 20 jut. to 50 ^! of a TE buffer (pH 10), thereby 
preparing a aDN A solution. 

Sub cl oning and sequencing of the insert UN A in the o btained XDN A were 



performed by the following method. The obtained M)NA solution (1 was 
digested with Afof I so as to excise the insert DWA, The composition of a 
reaction solution (for cleavage reaction) followed the procedure in the manual 
attached io the --restriction enzyme. After reaction at 37 °C for approximately 2 
hours, the insert size was eoniirmed by electrophoresis using 1 % agarose geL 
XDNA (10 ^ti to 20 containing the insert DMA was digested with Ndt L so as 
to excise the insert DH A, The insert DNA was separated using agarose gel for 
apportioning, the corresponding band was cleaved from the geL and then the 
insert DMA was purified by standard techniques. The insert DBA was mixed 
with a vector following BAP treatment (dephpsphorylation using alkaline 
phosphatase derived from a shrimp) at molar ratio of I ; L followed by ligation, 
reaction with T4 UNA figase at 3 6 p € for 2 honrs or more. Here, since the 
insert DNA cleaved with Not I was used as material > BAP treatment was 
performed for vectors cleaved with Not L Following ligation, pari of the 
solution was mixed with competent cells (DH5a), and then allowed to stand on 
ice for 30 minutes. Next the mixture was subjected to heat shock at 42* C for 
30 seconds, and then allowed to stand on ice again for 2 minutes. Then, SOC 
was added to the mix tore, incubated at 37 9 C for I hour, inoculated aver a LB 
medium plate on which a mixture of 100 pi of 2xYT (containing 50 Jig/ml 
ampicillin). 30 t ttl of 3 % X-Gal and 3 of I M IPTG had been previously 
added uniformly, and then cultured at 37°C for 10 hours or more. The. 
transformed white colonies were each inoculated on 2 ml of an LB medium 
containing ampicilfin or a 2 x YT medium, and then cultured at 3 7°C overnight. 
From the culture solution, plasmids were prepared by standard techniques and 
dissolved in KbO. The DNA concentration thereof was quantified, and then the 
plasniids were subjected to PCR reaction for sequencing. PGR reaction and 
sequencing were performed by methods described above. 

As a result of the above experiment the ALS cDNA with an incomplete 
length of approximately 2/2 fch was obtained from the culture cells of each wild 
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type and Sr line. Since m Sma I site was present at a position approximately 
250 bp from the 5* side of the DNA, a new probe was prepared fey the following 
method. pBluescript II SK> retaining -the ALS cDNA with an incomplete 
length of approximately 2.2 kbp derived from the wild type was amplified with 
host £. colt JMI09 5 and then plasmids were extracted using an automated 
isolation system (KURABO PW 00), The plasmid was directly digested with 
Sma L The generated fragment of approximately 250 bp was separated and 
purified by 1. % agarose efoctrophoresisv and then the concentration was 
calculated, thereby preparing a probe, Using the probe, the library was 
screened again by the above method employing the above RL XDKA was 
prepared from the thus obtained single phages, the 1DNA solution (1 fjlj was 
digested with Eco Kl, and then size was confirmed by electrophoresis, followed 
by immobilization onto a. nitrocellulose membrane. Following electrophoresis, 
the get was immersed in 0/5 M NaOH solution containing 1 >5 M NaCL and then 
shaken lightly for 15 minutes. The gel was then washed with water, immersed 
In 03 M Tris-HCX (pH 7.5) containing 3 M MaCL and then neutralized while 
shaking for approximately 15 minutes. Approximately 5 thick, industrial filter 
papers were piled up to make a base. The base was placed in 20xSSC spread 
over a stainless bat, Subsequently, the neutralized gel, a nitrocellulose 
membrane (which had been cut Into a certain size, immersed in distilled water 
and then immersed in 20xSSG for another 10 minutes), and two-ply filter papers 
were placed in order on the base, on which a paper towel with a thickness of 3 
cm to 4 cm was further placed. A glass plate and then a light weight were 
placed on the product, followed by blotting for approximately 5 minutes. 
After confirming that no bubbles were entrapped between the gel and the 
membrane, blotting, was performed for approximately 10 minutes. Following 
blotting, the membrane was subjected to UV treatment with a trans^ilummator, 
and then baked at 80°C for approximately 15 minutes to 30 minutes; After 
baking, hybridisation (hybridization buffer composition: SxSSPE, 03% SDS, 
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5x Denhatits, solum sperm DMA, 50% fprmami^e) was performed with the 
above 250 bp probe DN A. labeled with 32 E Radiation of the hybridized band 
was transferred to an imaging plate, and the result was analysed with BAS-200(K 
Among inserts positive in hybridization, those showing a relatively large size 
were prepared in large quantity, and then sub-cloned into pBiueseript if SK> 
that had been digested with Eco Rl and then treated with BAP by the above 
method. The product was transformed into E> coH (JM 105), The obtained 
transfbrmants were subjected to liquid culture, and then plasmMs were prepared 
by standard techniques. Thus, the nucleotide sequence was determined by the 
above methods. 

As a result, the full-length. ALS cDNA gene could be obtained from the 
culture cells of each wild type and Sr line. The results of homology 
comparisons bet ween the wild type and the mutant ALS genes are shown in Figs. 
.19 A, B and G>. As shown in Figs, 1 9 A, B> and C, compared to the wiM type, 
2~poiM mutations were observed in 8r Bne at 2 points, the 1643rd and I88Q a V 
from the first base A as the starting point of the transcription initiation codon 
AYG, In Sr line, the 1643rd G in the wild type was mutated to T (denoted as 
G1643T), and the 1880 th: G m the wild type was mutated to T (denoted as 
G1880T). When converted into amino acids, these mutations indicated that the 
mutant ALS protein of Sr. line had an amino acid sequence wherein the 5 4 Sill 
tryptophan in the wild type ALS protein was mutated to leucine (that is, 
■ te W54«L mutation ?? ), and the 627th serine in the wild type ALS protein was 
mutated to isoleueine (that is, "S627I : mutation"). 

(5) Subcloning of the wild type ALS cDN A cloned into pBiueseript II into 
pGEX 2T 

After the pBiueseript II. VSK-f piasmid having the fuiMength wild type 
ALS cDNA obtained in (4) above incorporated therein was digested with Eco RL 
cGNA containing the wild type ALS gene was excised. Then, the cDNA was 
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incorporated into Eco M site of pGEX-2T (Amersham Bioscience), wlikh.is an 
J£; call expression vector. Hereinafter, an expression vector having the 
fail-length wild type ALS eDNA ineorpomted into the Eca RI site of pG:EX-2T 
is referred to as "pGEX-2T(ALS^wild}/' pGEX~2T(ALS~wM) was 
transformed: into K mil (JM 109). Colonies obtained by transformation were 
liquid-cultured, plasmids were extracted, and then the insertion direction of 
insert DMA was confirmed fey sequencing- Thus, E. cali (JM109) transformed 
with pGEX «2X{ ALS-wild) was prepared. 

[Example 4] Elucidation of mutation sites in ALS gene of PC herbicide resistant 
rice culture cell 

(1) Extraction of genomic DMA from resistant mutant (strains of Sr. Rb ? Vg, 
and Ga lines) 

Using a plant DNA extraction Mt ISO.PLANT II (Nippon Gene), 
genomic IMA was extracted from OA g of cultured cells of each of St, Rb, Vg 
and Ga lines according to the protocols attached to the Mt, After genomic 
DMA was extracted using the above kit, RNA was denatured and removed using 
RNase A. Then, agarose gel electrophoresis was performed, thereby 
confirming the genomic DMA. 

(2) PCR of ALS gene; using genomic DNA as template 

PCR was performed using each genomic DNA as a template, and a 
primer cl ALS~Rsp3^ and a primer ^4-83-3^ as shown below. PCR was 
performed using Ready to Go PCR Beads (Amersliam Bioscience) at a final, 
volume of 25 -jiL The reaction was performed for 40 cycles, each cycle 
condition consisting of an initial denaturation step at 94°€ for 5 minutes, 
followed by a denaturation step at 94*C for 30 seconds, annealing step at 55°C 
for I minute, and elongation step at 72*C for 2 minutes. In addition, the 
elongation step in the final cycle was performed at 72°C for 9 minutes. 

Next, the PCR reaction solution was subjected to 2% agarose gel 
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electrophoresis (tQ0V 5 1 X TBE buffer). Gels containing PGR products were 
excised, and then excised gels were cut into small fragments. The obtained gel 
fragments were rinsed twice or three times with sterile ion exchanged water, 
500 jii of sterile Ion exchanged water was added, and then freezing and 
dissolving was repeated three times. Thus, the PGR product could he elated in 
water. 

Mext PGR was performed again using the eluate in which the PGR 
product had been dissolved. SpeeitlcaMy, this PGR was performed at a final 
volume of 100 yd using the PGR product contained in the solution as a template, 
and the same primer set or nested primers. After reaction, the reaction 
solution was subjected to agarose gel electrophoresis (!%) for apportioning. 
Gels containing target bands were excised, and then purified using a GFX PGR 
UNA & Gel Band Purification Kit (Amersham Bioscience). Finally, the PGR 
product was eluted using 75 jxl of sterile dexonizsd water, 

(3) Sequencing 

Sequence reaction was performed using the DN A fragment amplified by 
PGR as a template and ABL PRISM BigDye ver.2 (Applied Biosystenijc For 
sequence reaction. It jil of the template DMA. 1 jd of the primer (3,2 pmol/fil) 
and 8 yi of pre-mix was mixed, therefore the total volume was 20 \xh The 
sequence reaction was performed for 40 cycles, each cycle condition consisting 
of an initial denaturatiou step at 96*C for 5 minutes, followed by a denatnration 
step at 96°C for 5 seconds, annealing step at 50°C for 5 seconds, and elongation 
step at 60°€ for 4 minutes. In addition, the elongation step of the final cycle 
was performed at 60°C for 9 minutes. After sequence reaction,, fluorescent 
nucleotides in the reaction solution were removed by gel filtration using 
AutoSeq G~50 column (Amersham Biotech). Then the nucleotide sequences 
were read using ABI PRISM 3 1 0 DMA sequencer. 

(4) Names of primers and nucleotide sequences used herein 

Hames, nucleotide sequences and the like of primers used in (2) afrove 



md of primers used In the following examples are listed in Table 6. 
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Ta b l e 6 



Corresponding Number 



Name 




Nucleotide sequence 


Direction.. 


ALS site 


of bases 


ALS-Rspl 


5' 


^GGTGT0CmCAACAGAG:CACA-3 ? 


sense 


11924212 


21 nrer 


ALS-Rsp2 


5* 


- AGTCCTGCCATC ACC ATCC "A.G-3 5 


antisense 


1906-1926 


21 mer 


ALS-Rsp3 


5' 


-GI'GGGACACCTGGAT<3AAT-3 # 


sense 


720-738 


19 mer 


AtS:-Rsp4 


5' 


-CAACAAACCAGCGCAATTCGTCACG-3 5 


antisense 


862-886 


25 met 


ALS-Rsp6 


5' 


-CATCAGGAACCAGGTGTT-3* 


sense 


327-344 


IS mer 


ALS-Rsp7 


5' 


-AACTGGGATACCAGTCAGCTG-3 5 




886-906 


21 mer 


ALS-RspA 


-V 


-TGTGCTTGGTGATGGA-3* 


an ti sense 


■571-596 


1 6 mer 


ALS-EspB 


5*. 


-TCAAGGAG ATG ATCCTGGATGG-3 


sense 


19134944 


16 mer 


ALS-RspG 


5' 


^CAGCG ACGTGTTCGCCTA-3 v 


sense 


258-275 


16 mer 


ALS-RspD 


5:' 


-GC ACCGAC ATAGAG A ATG -3 * 


mii sense 


828-845 


1 § mer 


ALS-RspF 


5' 


» ACAGGG ACTGC AGG AATA-3 ■ 




1749-1766 


I S mer 


ALS-RspE 


<> 


-TTAC AAGGCGA ATAGSGC-3 > 


sense 


1656-1673 


18 mer 


3-1-1 




-GCATGTTCTTGATGGGG-3" 


antiseBse 


17914807 


17 mer 


3-1-2 


s ? 


-ATGC ATGGGACGGTG I AC -3 ? 


smm 


973-990 


1 8 mer 


3-1-3 




-GATTGCCTCACGTTTCG-3* 




1346-1362 


17 mer 


3-1-4 


5- 


-AGGTGICAC AGTTGTTG4 > 


sense 


15064522 


17 mer 


4-83-1 


5* 


-AGAGGTGGTTGGTGATG-3' 


antlsense 


327-343 


17 m er 


4-83-3 


5' 


~GCTTTGCCAACATACAG~3 ? 




1944.1960 


17 m er 


4-83-10 


5 s 


«G AGCCC AAATC CC AITG-3 * 


antiseiise 


14574473 


17 mer 


4-83-15 


5* 


- ATG tAC G GTGGTAG ATTC-3 ' 


aniisense 


735-752 


IS mer 


ALS-DG7 


5' 


^GTITT(CT3GGITA{GT)CGJGG(ACGT)GG-3 5 


seiise 


265-284 


20 mer 



la Table 6. the corresponding ALS site is the. Rumter of a corresponding 
base when a transcriptioB initiation codon (ATG) is the starting point, M 
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addition, the nucleotide sequence of ALS-Rspl is shown m SEQ ID NO: % the 
nucleotide sequence of ALS-Rsp2 is shown in SEQ ID NO: 10, the nucleotide 
sequence of ALS-Rsp3 Is shown in SEQ ID NO: I I, the nucleotide sequence of 
ALS-Rsp4 Is shown in SEQ ID NO: 12, the nucleotide sequence of ALS-Rsp6 is 
shown in SEQ ID NO: 13, the nucleotide sequence of ALS~R$p7 is shown in 
SEQ ID NO: 14, the nucleotide sequence of ALS-RspA is shown in SEQ ID NO: 
15, the nucleotide sequence of ALS-RspB is shown in SEQ ID NO: 16, the 
nucleotide sequence of ALS-Rsp£ is shown in SEQ ID MO: 17, the nucleotide 
sequence of ALS-RspD is shown m SEQ ID NO: 18, the nucleotide sequence of 
ALS-RspF is shown in SEQ ID NO: 19, the nucleotide sequence of ALS-RspE 
is sho wn in SEQ ID NO: 20, the nucleotide sequence of 3-1-1 is shown in SEQ 
ID NO: 21 , the nucleotide sequence of 3-1-2 is shown in SEQ ID NO: 22, the 
nucleotide sequence of 3-1-3 is shown in SEQ ID NO; 23, the nucleotide 
sequence of 3-1-4 is shown In SEQ ID MO: 24, the nucleotide sequence of 
4-83-1 is shown In SEQ ID NO: 25 ? the nucleotide sequence of 4-83-3 is shown 
in SEQ ID. NO: 26, the nucleotide sequence of 4-83-10 is shown in SEQ ID NO: 
27, the nucleotide sequence of 4-83-15 is shown in SEQ ID NO: 28, and the 
nucleotide sequence of ALS-DG7 is shown in SEQ ID NO: 29; 
(5) Mutations in each line revealed as a result of sequencing 

As a result of analysis of nucleotide sequences determined in (3) above. 



mutations in Rh, Vg. Ga s and Sir lines were revealed. The mutMed points of 
each line are listed in Table 7. 
Table 7 



Mutant base 


C512A 


C514A 


GI643T 


G1880T 


Mutant amino 
acid 


P171H 


RI72S 


W54SL 


S6271 


Rb line 


ohomn 




o hetero 




Va hue 






o hetero 




Ga line 


o 

homo or hetero 


o 

homo or hetero 


o hetero 




Sr line 






o hetero 


o hetero 
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As -shown , in Table 7, in the nucleotide sequence of Rb line strain, the 
512 nd C was mutated to A (homo), and the 1643 ro G was mutated to T (hetero). 
This means that at the ammo, acid level, the 171 st proline and the 548* 
tryptophan (W) were mutated to histidine (H) and leueiiie (L) ? respectively. In- 
the nucleotide sequence of Vg line strain, the 1643 rd Q was mutated to T 
(hetero), suggesting that at the amino acid leveL the 548 th tryptophan (W) was 
imitated to leucine (L), In the nucleotide sequence of G& line strain, the 5.12**** 
and 514 th C were mutated to A (homo or hetero) (these types differed depending 
on the PGR product obtained), and the 1643 rd G was mutated to X (hetero)- 
This means that at the amino acid level, the 171 st proline (P} ? 172 nd argimne (R) 
and 54 8 m tryptophan (Wj were mutated to histidine (H) 5 serine (S) and leucine 
(L), respectively. Further, in the nucleotide sequence of Sr line strain, the 
1643 rd and 1880^ G were mutated to T (hetero}. 

When ALS genes wer& serecmed and isolated from the cDNA library of 
Sr line strain by the above method, not only a 2-polnt mutant gene, but also a 
gene of the wild type was isolated. Thus, it was assumed that at the genomic 
DMA. level, heterologous mutation had occurred, and the results obtained by 
genome PGR also supported this assumption. 

As described above, in all the resistant mutants, the 548 th tryptophan 
(W) was mutated to leucine (L) (hetero), and Vg line had this mutation only. 
As described above, Vg line strain showed sensitivity up to ID ixM 
bispyribac-sodium, and Sr ? Rb and G a line strains showed the same up to 100 
}iM bispyribac-sodiuni. Accordingly, it was suggested that the acquisition of 
resistance started from Vg line and branched into other lines and .mutated,, as the 
intensity of the selection pressure increased. 

[Example 5] Synthesis of ALS cDNAs indepexidently having G1643T( W548L) 
mutation or G188GT(S6271) mutation, construction of pGEX 2T retaining the 
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ALS cBNAs, and transformation of E. mli using the vector 

First, synthesis of ALS cDMAs; independently having G1643T(W548L) 
mutation or G!880T(S627I) mutation, aad construction of pBEX 2T retaining 
the A LS cDNAs are described using Fig. 20, 

PGR was performed at a final reactiOB. volume of 100 gin sing 1 jul (585 
ng/(4 and 554 ng/uL respectively) of pBInescript II SK*(ALS;-2 point mutant) 
or pBluescfipt II SK+{ALS-wiId) as a template, and 1 jil of LA Taq DNA 
polymerase (Takara)> The reaction was performed for 25 cycles, each cycle 
condition consisting of 95 °C for 30 seconds, 55°G for 30 seconds and 72 P C for 
2 minutes. Further, pBIuescript II SKOALS -2 point mutant) contained 2-polnt 
mutant ALS gene, Oi643T(W548L) and G1880T(S62?I), pBluescript 0 
SK-HALS-wild) contained the wild type ALS gene having no mutation. For 
the PCR, a combination of ALS~R.sp6 and ALS-EspF primers and a combination 
of ALS-RspE and MT3R primers were used. Names of fragments amplified 
using ALS genes m a template arid the given combination of primers are listed 
in Table 8 + In addftiom primer M13R is an aniisense primer in the vicinity of 
T3 promoter of pBluescript II SK>. Further, the nucleotide sequence of MI3R 
is S^GGAAACAGGlATGAeCArG^ 30), 



Tab l e 8 



] pBJuescxipt II S;K+(ALS-2 
i point mutant) 


pBIuescnpt II 
SKHALS-wM) 1 


ALS-Rsp6 | _ 
ALS-RspF ! 


PCR-3 


ALS~RspE | prR ^ 
M13R | 


PCR-4 



PCR- 1 ; PCR-2, PCR-3 and FCR-4 obtained by PGR were respectively 
subjeeted to agarose gel electrophoresis for separation, and then the products 
were collected in a manner similar to the above method from the agarose get 
and then the products were elated with 50 ul of sterilized water. 



Next, a set of PCR-l and PCR-4, and a set of PG.R-2 and PCR~3 were 
subjected to SPR (self polymerase fraction). SPR was performed hy adding 
234 |*J. of the set of PCR^t and PCR-4, or the set of PCR~2 and PCR-3 and 1 j.tl 
of LA Taq DMA polymerase to a final volume of 75 jxL and hy performing 25 
times a cycle consisting of a denaturation step at 95 °C for 1 minute, annealing 
step at 55 °C for 30 seconds, and elongation step at 72°C for 2 mitmtesL DNA 
fragments obtained by SPR using the set of PCR-l and PCR-4 was regarded as 

and IMA fragments obtained by SPR using the set of PCE-2 and PCR-3 
as SPR-2. 

Fnrther, in this, example, to secure a sufficient amount of SPR- 1 and of 
SPR-2, PCR was respectively perforated at a final reaction volume of 100 jti. 
using purified SPR- 1 or SPR-2 as a template, ALS-Rsp6 and M13R, and LA Taq 
DNA polymerase again. PCR in this ease was performed by repeating 25 times 
a cycle consisting of a denaturatlon step at 9S°C for 30 seconds, annealing step 
at 55°C for 30 seconds and elongation step at 72°C for 2 n&intites. After PGR ? 
the reaction solution was stibfected to agarose gel electrophoresis. An 
approximately 2 khp single band (PGR product) was collected from agarose geL 
and then eluied with 1 00 ul of sterilized water. 

Next, SPR-1 and SPR-2 amplified by PCR were respectively digested 
with Acc I and Eco Rl, thereby obtaining SPR-1 (Ace UEco Rl-digested 
fragment) and SPR-2 (A cc V Eco M -digested fragment); Specifically, 50 ftl of 
the sterilized water (100 jutl in total) containing PGR product dissolved therein 
was mixed with 1 \xl of Acc I (12 u/0) and I jxl of Eco Rl (12 u/jal) in the 
presence of 10 x M bufier (lakara), followed by incubation at a final volume of 
60 jutl at 37°G for 1 hour. Afterwards, the total volume of the reaction sokition 
was subjected to agarose gel electrophoresis, and then a target 1,5 khp fragment 
was collected using a GFX PCR and Gel Purification Kit. The collected L5 
kbp fragment was elated with 50 jil of sterilized water, so that a solution 
containing SPR-1 (Acc If Eco Rl ^digested fragment) and a solution containing 
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SPR-2 (Accj/Eco Rl-digested fragment) were prepared. 

Meanwhile, 150 id of a protein expression vector having the wild type 
ALS gene incorporated therein. pGEX-2T(ALS-wiId} plasmid (concentration; of 
approximately 50 ng/jil) ? was mixed with 1 pt.i of Acc I (12 u/fii ? Takara) in the; 
presence of 10 X M buffer, followed by Incubation at 37°C for 2 hours. After 
reaction, a linear 7.2 M>p band was confirmed by t% agarose gel 
electrophoresis. According to the protocols of GFX PGR and Gal Purification 
KJL DNA corresponding to the 7.2 fcbjp band was collected from the agarose ge! v 
and then the product was eluted with ISO pi of sterilized water, 89 ul of the 
.eluted product was mixed with 10 pi of 10 x H buffer (Takara) and 1 pi of Em 
RI (12 u/ji!), and then allowed to- react at 37°C for 1 minute, thereby partially 
digesting the thus collected DNA with Eca RL After reaction, 10 x loading 
buffer was added, md then L5% agarose gel electrophoresis was performed* 
43 kbp, 5,7 khp ? and 6,5 kbp bands, and a 7.2 kbp; band that was not cleaved at 
all appeared separately, and then the target 3/7 kbp band was excised from the 
gel An approximately 5,7 kbp DNA fragment contained in the excised gel 
was collected using GFX PGR and Gel Purification Kit, and then the product 
was eluted with 50 ul of sterilized water. 

Subsequently, 3 pi of fragments digested with Acc I and partially 
digested with Bco RI of the thus obtained pGEX-2T(ALS-wild) and 3 pi of 
SP$H (Acc VEca Rl-digested fragment) or SPR~2 (Acc l/Eco Rl-digested 
fragment) were respectively allowed to react in 6 pi of Takara ligation buffer 
(verX solution I) at 16 C G overnight 

Then, the -.reaction solution was transformed into £> ca/r competent cells 
(strain JM 109, Takara) according to the protocols attached thereto. The cells 
were inoculated on LB medium containing 50 ppm of ampmllm, and then 
incubated at 37°C overnight. As a result, several of the colonies that appeared 
were selected. PGR was directly performed using the colonies as a template, 
and the set of ALS-RspE described in Table 6 and PGEX-3 
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(5^CCO0GAGCTGCArGTGTCAC3AGG-3 5 ; SEQ ID NO: 31), the set of 
PGEX-5 (5-GGGCTGGCAAGCCACGTTTGGlB-3 r : SEQ ID NO: 32) and 
PGEX-3,. and the set of PGEXo and ALS-Rsj>A described m Table 6. In 
addition, PGEX-3 had a sequence the same as a part of m miiseme strand, 
located on the 3* side of pGEX-2T used as a vector. PGEX-5 had a sequence 
the same as a part of a sense strand located on. the 5' side of pG£X-2T used as a 
vector. As the reaction condition for the .AL.S~Rsp.E/PGBX~3 set each 1 u M 
primer and 1 PGR head were dissolved in a total volume of 25 u !, and reaction 
was performed, by repeating 40 times a cycle consisting of a denaturation step at 
95°C for 30 seconds, annealing step at 55°G for 1 minute, and elongation step at 
72 P C for 2 m inutes . In the case of the PGEX- 5 /PGEX-3 set and 
PGBX~5/ALS~RspA set, DMEO with a final concentration of 5% was further 
added to the above solution, because of the presence, at an upstream portion, of 
a region haying approximately 75% of GC content. As a result of this PGR, 
insertion of a desired insert was confirmed. 

A colony for which the insertion of a desired insert had been confirmed 
was picked up, and then shake-cultured in LB liquid medium: (3 ml each. 10 
madias) containing SO ppm of ampiciilin at 37*G for 12 hours. After eulturing, 
plasmids were extracted (400 to 500 fil) from the media using a pl&smid 
extraction system (TQMY, DP-480), and then concentrated to approximately 
200 \xl by ee.ntrifugation. Then, the concentrate was purified md desalted 
using GFX PGR and Gel Purification Kit, and then finally elated with 
approximately 130 ulof sterilized water. 

Sequence reaction was performed using ABI PRISM BigOye vet. 2 for 
these plasmids, so that the nucleotide sequence of the insert in the piasmid was 
analyzed. For sequence reaction, the reaction solution was prepared to have a 
total volume of 20 jxl by mixing 11 ttl of template DMA, 1 $il of primer (3:2 
pmol/fd) and 8 j*i of pre-mix* The sequence reaction was performed for 40 
cycles, each cycle condition consisting of an initial deimtur&tion step at 96°C 
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for 5 minutes, denaturation step at 96°C for 5 seconds, annealing step at.,5'0 9 C! 
for 5 seconds,; and elongation step at 60°C for 4 minutes, and the elongation 
step of the final cycle was performed at 60° for 9 minutes, After sequence 
reaction, fluorescent nitcieotides in the reaction solution were removed by gel 
filtration Using AuioSeq G-5G eoiuinii s and then the nucleotide sequence was 
determined using ABL PRISM 310 DN A sequencer 

In addition, for sequence reaction, of the primers described In Table 6, 
POBX-5, ALS-RspC, ALS-Rsp3, ALS-Rspt, 34-4 and AL5~RspB were used as 
sense primers, and 4~S3-3 5 PGEX-3, ALSRsp2, 4-83-10 and ALS«Rsp7 were 
used as anti sense primers . 

As a result of analysis, it was confirmed that pGEX 2T vector 
comprising the mutant ALS gene with W548L mutation (described as "pGEX 
2T(ALS-W548L mutant)^ in Fig. 20) and pGEX 2T vector comprising tile 
mutant ALS gene with S627I mutation (described as "pGEX 2T(ALS-$627I 
•mutant)^ in Fig. 20) were obtained. Subsequently, E. call was transformed 
with these pGEX 2T(ALS-W548L mutant) and pGEX 2T(ALS-S627I mutant). 

[Example 6 j Synthesis of ALS cDN As independently having 0.512 A (P171H) 
mutation found by genome PGR for Rb line or CS14A (RI 72S) mutation found 
by genome PCE for Ga line, construction of pGEX 2T retaining the ALS 
cDN As, and transformation of £ coli with this vector 

First, the synthesis of ALS eDNAs independendy having 05 12 A. 
(P171H) mutation and C5 14 A (R172S) mutation, and construction of pGEX 2T 
retaining the ALS eDN As are described using Figs, 21 and 22. 

To obtain G512A (PI71H) mutant DMA fragment, PCR was performed 
using the genomic I>NA of Rb line as a template and a primer set of ALS-Rsp6 
and ALS~Rsp4 described in Table 6. Specifically, PCR was performed nsing 
Ready to <3o PCR Beads by adding 5 ul of the template genomic DNA and 1 ul 
of each primer (25 pmol/pl) to a final volume of 25 fiL The reaction condition 
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consisted of an initial denatiiration step at 95*C for 5 minutes, followed by a 
cycle (repeated 40 times) of a denaturation step at 95°C for 30 seconds, 
annealing step at 55°C lor 1 minute. and elongation step at 72° C for 2 minutes. 
In addition, the elongation step of the final cycle was performed at 72°C for 9 
minutes. 

After PCR reaction, the reaction solution was snh]ected to 2% agarose 
gel electrophoresis, a band of the PCR product (described as W PCR-S r ' in Fig, 
21) was excised from agarose gel, and then purified using GFX PCR DNA & 
Gel Band Purification Kit. Next; the purified PCR- 5 was incorporated into 
pT7BIiie T-veetor (Novagen), the vector (TA cloning vector) for cloning PCR 
product. Specifically*. 1 jxl of the purified PCR product was mixed with I pi of 
pT7 Blue I-veetor (50 ng/pi), 3 |ii of sterile delonized water and 5 ul of ligation 
bailer (vet 2 ? solution L T&kara Shti&o), and then allowed to react overnight at 

After reaction, the total volume of the reaction solution was 
transformed into K coli (strain JM1Q9) according to standard methods, After 
eulturing of £ coli on LB solid medium containing 50 ppm of ampieillin, the 
colonies having a target sequence was selected from the single colonies that 
appeared on the medium in a manner similar to Example 5, The selected 
single colonies were shake-cultured in LB liqxiid culture solution (3 ml, 10 
media) containing 50 ppm of ampicillin at 37°G for 12 hours. After entering, 
plasrnids were extracted (400 to 500 pi) using a plasmid extraction system 
(TGMY ? DP-480), The plasmlds were concentrated to approximately 200 ul 
by centrifugation, purified and desalted using GFX PCR and Gel Purification 
Kit, and then elated with approximately 80 pi of sterilized water. 

Fifty ill of the el uate was mixed with 1 fjtl of Acc I (12 u/jil) and 1 ul of 
Sma I (10 ii/pl) in the presence of 10 pi of 10 X T buffer and 10 pi of 0,1% B3A 
to bring to a total volume of 100 ph and then the mixture was incubated at 37°C 
far 2 hours. After reaction, the reaction solution was subjected to agarose gel 



electrophoresis,, a target band was excised and collected* and then a DNA 
fragment was collected according to tfie protocols of GFX PGR and Gel 
Purification Kit Thus, C512A (P171H) mutant DK A fragmeM having Sma I 
site and Ace I site on its termini, was obtained. 

Ob the other hand, since CSMA&nd C5 OA mutations are close to each 
other, a DNA fragment having €51 4 A (R172S) mutation only carmot be 
obtained by PGR using the genomic DNA extracted from 6b line as a template. 
Thus, as shown in Fig, 21, a DMA fragment having C5I4A (RI72S) mutation 
only was prepared using a pair of primers to which mutated points had been 
previously introduced. That is, PCR was respectively performed ming as 
primers having mutated points introduced therein ALS-Ml 
(S-GCCCAGCCGGAIW SEQ ID MO: 33, 

underlined A is a mutated point) and ALS-M2 
(5 r -CGGTGCCGATGATGCGGCTGGGGA€CI- ID NO: 34, underlined 

T is a mutated point) and as a template pBInescript XI SK-r having the wild type 
ALS cDNA incorporated therein; and using a primer set of ALS-Rsp6 and 
ALS-M2; and using a primer set of ALS-Ml and ALS-Rsp4. In addition, 
complementary portions are the nucleotide sequence (1 st to 23 nucleotides) of 
ALS-Ml and that (V 1 to 23 rd nucleotides) of ALS-M2, Wlien the primer set of 
ALS*R$p6 and ALS-M2 were used, a DMA fragment described as "PGR:-6 ?? in 
Fig. 21 was amplified^ and when the primer set of ALS-Ml and ALS~Rsp4 was 
used, a DMA fragment described as "PCR^7' ? in Fig, 21 was amplified. 

The reaction solution was prepared at the time of PCR by dissolving 1 
p! of LA Taq DNA polymerase (5 units/pL TAKARA), 10 pi of 10 X LA buf&r, 
10 pi of 25 mM MgCb 5 16. pi of dNTPs (consisting of 25 mU of dATP 5 dQTP> 
dCTP and dTTE respectively), 1 pi of template DNA, and 4 pi each of sense 
and antisense primers (25 pmol/pl, respectively) to a total volume of 100 pi. 
The reaction was performed by repeating 25 times a cycle consisting of an 
initial denaturaiion step at 95°C for 5 minutes, a den.atwats on. step at 95*C for 
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30 seconds, annealing step ..at 55 °C for 1 mmute^.and elongation: step at 72*0 for 
2 minutes, and the elongation step in the final cycle was performed at 72°C for 
9 minutes. 

After reaction* the reaction solution vva^. subjected to L 5% agarose gel 
electrophoresis for apportioning, target 21 3 bp (P€R~6) and 377 hp (PGR-7) 
bands were excised and purified using GFX PGR DNA. <fe Gel Band Purification" 
Kit. and then the ihns generated DNA fragments were respectively e luted with 
1 00 pi of sterile deionized water. 

Next, SPR was performed using the thus obtained FCE-6 and 
At the time of SPR, a reaction solution was prepared to a total volume of 100 ul 
by mixing 30 pi of the thus obtained ehiate with. 1 jtl of LA Taq DNA 
polymerase (5 units/fxl) ? 10 jui of 10 X LA buffer, 10 jit of 25 niM MgCfe, and 
16 pi of dNIFs (consisting of 25 mM of dAIP, dGTF, dCTP and dTTR 
respectively)* SPR was performed by repeating 40 times a cycle consisting of 
an initial denaturation step at 95°C for 5 minutes, a denatnration step at 95°C 
for 30 seconds, annealing step at 55*C for I minute, and elongation step at 72 6 C 
for 2 minutes, and the elongation step in the final cycle was performed at 72°C 
for 9 minutes. 

After reaction, the reaction solution was subjected to agarose gel 
(1.5%) electrophoresis for apportioning, a target 560 bp band (described as 
*SPR~3" in Fig. 21) was excised and purified using GFX PGR DNA & Gel Band 
Purification Kit and then the generated DNA fragment (SPR-3) was elated, with 
1 00 fii of sterile deionized water. In a manner similar to the above method, the 
' ehited fragment was incorporated into pT7Bfne T- vector and then transformed 
into E coll (JM109). The R coli was cultured, and then. -the thus extracted 
plasmid was digested with Acc I and Sma I, thereby obtaining C514A (R172S) 
mutant DNA fragment having Sma I site and Acc. J site at its termini. 

Meanwhile, K coH (strain JM109) transformed with 
pGEK-2T(ALS-wild), the plasmid having the wild type ALS gene incorporated 
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'therein, was shake-coitnred in LB liquid medium containing 50 pprn of 
ampkilKn (2 ml ^ 15 media) overnight at 37°C. After the plasmid was 
extracted using a plasmid extraction system (DP-480), the extract 
(approximately 750 pi) was concentrated to approximately 200 pi using a 
vacuum cantrifiigation coneentraior. Then, the concentrate was desalted using 
GFX PGR DMA & Gei Band Purification Kit, and then the plasmid was finally 
eiuted with 200 til of sterile delomzed water. 

Next, the thus obtained plasmid, pGEX~2T(ALS~wIld), was digested 
with Acc L Specifically, 75 pi of the eltiate was mixed with 9 ul of 10 X M 
buffer, 3 pi of Acc I {12n/|x!}, and 3 pi of sterile deiomzed water, and then the 
mixture was allowed to react at 37°C for 3 hours. After, reaction, the reaction 
solution was subjected to L 5% agarose gel electrophoresis for apportioning, the 
target band was excised and collected, and then purified using GFX PGR DNA 
Sc Gel Band Purification Kit and then a DNA fragment was finally einted with 
100 ft! of sterile deionized water* 

Subsequently,; pGEX-2T(ALS-wnd) digested with Aec I was partially 
digested with Stea l. Specifically, 79 pi of the einale was mixed with ld.41l .of 
10 X T buffer, 10 pi of 0,1% BSA, and 1 phof'Sma I (lOu/ul) to a total volume 
of 100 fit and then the mixture was incubated at 3G*C for 1 mimite, In 
addition, since pGEX-2T(ALS-wiid) contained Sma f recognition sequences (on 
the multicloning site adjacent to Thrombin cleavage site of pGEX-2T; 276^ and 
430 lb sequences of ALS gene) located at three positions separately, partial 
digestion was performed in a short time. After reaction, the reaction solution 
was subjected to agarose gel electrophoresis^ a band corresponding to the 
plasmid wherein only the.430 iiv Sma I recognition sequence of ALS gene had 
been digested was excised and collected, and then purified using GFX PGR 
DNA & Gel Band Purification Kit to remove enzyme and protein. Finally, the 
purified product was eluted with 50 ul of sterile deiomzed. water, This dec 
l-digestz&Sma I partially-digested pGEX-2T~wild type ALS cDHA fragment, 



C512A(PJ :?1H) mutant DNA fragment haying Sma. I site and Am I site on its 
termini obtained by the above method, and. CS14A(R172S) mutant DMA 
fragment were Hgated by a standard method. In Fig, 22. a piasmid containing 
a mutant ALS gene independently having only €512A(P171H} mutation 
obtained by the method is described as • i, pGEX-2T(ALS PI 71 H mutant)/' and a 
piasmid. containing a mutant ALS gene independently having only 
G514A(R172S> mutation is described as "pGEX-2T(ALS Rl 72 S mutant )> 

After that, B< coli (strain JM . 109).. was. transformed using; a total volume 
of the reaction solution. Single colonies that appeared on LB media containing 
amplcillin were screened by PGR in a manner similar to the above method, so 
that is. coli transformed with pGEX~2T(ALS F171H motant} and E. coll 
transformed with pGEX-2T(ALS R172S mutant) were selected, 

[Example 7] Synthesis of 2-point mutant (C512A(P1 71H)/C514A(R172S))ALS 
cDNAj eonstmction of pGBX-2T retaining the ALS eDNA, and transformation 
of £ coli using this sector 

Synthesis of 2~pomi mutant (C5I2A(P17IH)/G514A(R172S})ALS 
eDNA, and construction of pGEX-2X retaining the ALS eDNA are described 
using Fig, 23. 

2-pomt mutant (GSJ2A(P17ie)/G5I4A(R172S)) eDNA was 

synthesized by PGR using as a template the genomic DN A extracted from Ga 
iine. according to the method described in Example 6 above, SpecificaHy^ 
PGR was performed using as a tempiate the genomic DNA extracted front Ga 
line, and a primer set of ALS-R$p6 and ALS~Rsp4 ? thereby amplifying a DNA 
fragment described as "PCR- JP? in Fig. 23. Then, the amplified DMA fragment 
was li gated into pT7Bluel -vector, folio wed by digestion with Ace 1 and Sma I> 
thereby obtaining €5 1: 2A(P 1 7 1 H)/C5 1 4 A(A 1 72 S) mutant DNA fragment. 
Next, as shown in Fig, 22, Ace I~&$&si®4J$ma I partially-digested 
pGEX-21-wild type ALS eDNA fragment and C512A(P171H)/G5I4A(R172S) 



mutant DNA were Hgated by a standard method. Thus, p6EX-2T(ALS PI 71 Bu 
R172S mutant) was constructed. Further, similar to Example 6, E, coti 
transformed with pGEX-2T(ALS PI 71 II Rl 72$ mutant) was prepared. 

[Example 8] Synthesis of 2-poinf mutant :;(GSt2A(Fl?lH)/G1643T(W54«l;> and 
C51 2A(P 1 71 H)/G1 880T(S6271))ALS eDNA, construction of pGEX~2T 
retaining the ALS cDNA f and tfansforhtatibn of M. coli with this vector 

Synthesis of 2~poiiit mutant (G;512A(P17IH)/G1643T(W54SL) and 
CS12A(P17iH}/G18g0T(S627!))ALS eBNA, and construction of pGEX~2T 
retaining the ALS cDNA are described using Fig. 24. 

First, pGEX 2T(ALS~W548L mutant) obtained in Example 5 was 
digested -with Acc I and: then partially digested with $ma I according to the 
method of' Example. 6 ? so as to cause deletion of a portion from the 430 th Sma l 
recognition sequence to Acc I recognition sequence of ALS gene. Next, this 
product and G5.12A(P 17111} mutant fragment prepared in Example 6 were 
Hgated, so that a plasmid (described as pGEX-2T(ALS-P171B ? W548L mutant) 
m Fig. 24), coMaining 2-point mutant {C512A(F171H)/Gi643T(WS ALS 
cDN A was constrneted. 

Meanwhile, using pGEX 2T(ALS-S627I mutant) obtained in Example 5, 
instead of pGEX 2T(ALS-W548L mutant), a plasmid (described as 
u pGEX-2T(ALS-P171H ? S627I mutant)" in Fig. 24) containing 2-pohit mutant 
(C512A(P17iH)/Gl 880T(S6271)) ALS eSNA was cGnstructed similarly. 

Further, in a manner similar to the method of Example 6, E. call was 
transformed using these pQEX-2T(ALS-Fl 7 1 H, W548L mutant) and 
peEX-2T(ALS-P171H ? S627I mutant)- 

[Example 9] Synthesis of 3-point mutant 

(C5I2A(PI7iH)/01643t(W5 ALS cDNA. construction of 

pGEX-2T retaining the ALS eDNA, and transformation of E coii with this 



- 52 - 



vector 

Synthesis of 3 -point mutant 

(05! 2A(P 1 7 m)/OI 643T(WS48L)/G1 S80T(S€2;7i)3 ALS eDN A 5 and 
construction of pGEX-2T retaining this c.DNA are deseribed using Fig. 25. 

First, after pGEX 2T(ALS-S627I muta&t) obtained in Example 5 was 
digested with Xho t BAP treatment was performed according to a standard 
method. Next, according to the above method, a target gene fragment (on the 
vector side) was separated and purified from agarose gel. Further, pGEX 
2T(ALS-W548L mutant) obtained in Example 5 was digested with Xho £, and 
then a fragment containing the mutation was separated and purified from 
agarose gel according to the above method. 

Next, to construct "p0EX-2T(ALS-W548L 5 S627I mutant)" having 
2-point mutation, G1880T(S627I) and G1643T(W548L), the obtained DNA 
fragments were respectively subjected to ligation reaction. After reaction, the' 
total volume of the reaction solution was transformed into j£- coli (strain 
JM109). Single colonies that appeared on LB media containing aoipieillm 
were screened by PGR according to the above method, and then £> coli having a 
target plasmid (pGEX-2T(ALS-W548L, S627I mutant)) was selected. 

After culturing the selected E. coii, pGEX-2T(ALS^W54SL 5 S627I 
mutant) was constructed according to the above method. 
pGEX-2T(ALS-W548L, 36271 mulatit) was digested with Ace L and then 
partially digested with Sma L thereby constructing pGEX-2T(ALS~W548L 5 
S627I mutant) wherein a portion from the 430 th Sma I recognition sequence, to: 
Acc I recognition sequence in ALS gene had been deleted. Subsequently, 
ligation of this pGEX~2T and C5i2A(P17lH) mutant fragment prepared in. 
Example 6 was performed, thereby constructing a pi&sniid containing 3 -point 
mutant CC512A(P!7U^ ALS cDNA 

(described as "pGEX^2T(ALS^P171H f W548L, S627I mutant" in Fig. 25). 

Further, E. coli was transformed using pGEX-2T(AI;S~P! 7 ILL W548L, 



S627I mutant) m a manner sixnilat to the m ethod of Example 6, 

[Example 10] Expression of mutant ALS protein 

& coli transformed with pGEX-2T(ALS-wild) constructed m Example 
3(5), IX eoli transformed with pGEX-2T(ALS-W548L mutant) constructed in 
Example 5, IX coli transformed with pG:EX-2T(ALS-S627I mutant) constructed 
in Example 5> £ eol/ transformed with pOEX-2f (ALS P171H mutant) 
constructed in Example 6, £ cetfi transformed with pGEX-2T(ALS RI72S 
mutant) constructed in Example 6 a £. coli transformed with pGEX~2T(ALS 
PL71H, R172S mutant) constructed in Example 7, J& mil transformed with 
pGEX-2T(ALS-PI71H, W548L mutant) constructed in Example 8, E, coif 
transformed with pGEX-2T(ALS~P 1 71 H, §6271 mutant) constructed in Example 
8, and £.: coli transformed with pGEX-2T(ALS-PI7!H ? W548L, S627I mutant) 
constructed in Example 9 were respectively shake-eidtured (pre-euiture) at 27°C 
in 2 ml of LB liquid medium containing ampieillin. These types of E. colt 
were respectively cultured in 250 mi of LB liquid medinm containing amplclllm 
using 1 ml of the pre -culture solution; After: culturing overnight. I mM. IPTCJ 
was added to the media, and then c ulturing was performed for a further 3 to 4 
hours, so thai the expression of GST fusion protein was induced, in addition, 
the cells were stored at ~80°G after washing, 

Preparation and purification of ALS from E. coli were performed by the 
following method. First, the pellet of the transformant E. coli stored at ~80°C 
was suspended in ALS extraction buffer (potassium phosphate buffer (pH 7,5) 
coBtaming 30 % glycerol and 0,5 mM MgCl 2 ). Specifically, 2,5 ml of the 
buffer was added to the pellet obtained from 50 ml of the culture so imion. The 
suspension was subjected to ultrasoni cation (Heat Systems-Ultrasonics, 
Sonicator W-225R, micro chip, output control 8, interval of approximately 1 
second, twice (40 seconds each)}* and subjected to centrifixgation at 15000 x g s 
4°C for 20 minutes, thereby obtaining the supernatant as a crude enzyme 



solution. 

Thus, 9 types of crude enzyme solutions containing any one of GST 
fusion wild type ALS protein* GST fusion W548L mutant ALS protein. GST 
fusion S6271 mutant ALS pro tern, GST fusion PI? IB mutant ALS protein, GST 
fusion RI72S mutant ALS protein, GST fusion P17IH/R172S mutant ALS 
protein, GST fusion. PI7IH/W548L mutant ALS protein, GST fusion P171H/S 
6271 mutant ALS protein and GST fusion P171H/W548L/S627I mutant ALS 
protein were prepared. 

[Example 11] Herbicide sensitivity of mutant ALS protein 

Herbicide sensitivity of the wild type ALS protein and ih&i of mutant 
ALS protein were examined using the 9 types of crude enzyme solutions 
-obtained in Example 10, Ilerbieide sensitivity test was performed according to 
procedures almost the same as those in Example 2, However, in this example* 
reaction temperature was 37°C> reaction time was 30 minute s ? and 10 tnM 
valine was added to the reaction solution to inhibit ALS activity derived from £> 
colt Further, three types of herbicides^ Mspyri.bac-sodi am, 

pyrithiofe&c~sodium ? and pyriminobac, were used as PC herbicides; 
ehlorsulfiixron was used as a siilfonylurea herbicide; and imazaqmn . was used as 
an imida^olinon herbicide. Before the addition of mutant ALS protein, the 
solutions of these herbicides (aqueous solutions for bispyribae- sodium and 
pyrithiobac-sodmm, and acetone solutions for other herbicides) at a certain 
concentration were added into the reaction solutions. The final concentration 
of acetone was 1%, 

For the 9 types of crude enzyme solutions, inhibition activity by 
bispyribac-sodmm is shown in Figs. 26 and 2 7 ? and Table 9, inhibition activity 
by pyrithiobac- sodium is shown in Table 10; inhibition activity by pyrimxnobac 
is shown in Table II, inhibition activity by chlorsulfuron is shown in Table 12, 
and inhibition activity by imazaquin is shown in Table .13. 
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hi Tables 9 to 1% inhibition activity by each herbicide is represented by 
a herbicide concentration (ISO) which causes 50% inhibition, when 50% 
inhibition is obtained at a concentration tested, and is represented by 
inhibition % at the highest conceal* ation among the concentrations tested, when 
50% inhibition could not be obtained. Further, in Tables 9 to 1 3, predicted RS 
ratio refers to the RS ratio of a mutant ALS protein having multiple mutations,, 
which is a combined RS ratio normally predicted from each RS ratio of nintant 
ALS proteins independently having a mutation. That is, the predicted RS ratio 
refers to a synergistic effect normally predicted from a combined RS ratio of 
mutant ALS proteins independently having a mutation. Specifically, the 
predicted RS ratio of a mutant ALS protein having multiple mutations was 
calculated by selecting RS ratios (for all the mutations corresponding to the 
multiple mutations of this protein) of mutant ALS proteins respectively having 
only one of the mutations, and then multiplying the selected RS ratios. When 
an actual RS ratio exceeds the predicted RS ratio of a mutant ALS protein 
having multiple mutations, this protein has resistance exceeding the synergistic 
effisct (resistance) predicted from a combined resistance of mutant ALS proteins 
independently having a mutation. 
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Table 9 





iDxf tJ^iSi J 


iV:,? jc ai t <j 


RS ratio 


R S rattio ^nrcd -rted 

RS ratio 


Wild type 


0.0063 








P 1 71 H mutant 


0.055 


8.7 








0 006? 


0.9g 






WS48L mutant 


3.3 


520 






S627I mutant 


0.26 


41 






P171H/R172S -mutant 


0,048 


7.6 


8.5 


0.89 


PI71H/W548L mutant 


5.5% in lOOfxM 


> 15000 


4500 


>3.3 


PI 7 111/86271 mutant 


23 


3700 


360 


10 


PI7TH/W548L/S627I 


1.1% in lOOuM 


>1600O 


190000 


> 0.08 4 


mutant 










Table 10 


A.LS protein type 


ISO (uM) 


RS ratio 


Predicted 
RS ratio 


RS ratio/predicted 
RS ratio 


Wild type 


0.011 








P171H mutant 


0.037 


3.4 






R172S ■■mutant 


0.011 


1 






W548L mutant 


41% in lOOuM 


>9100 






S627I mutant 


2.2 


200 






P171H/R172S mutant 


0.14 


13 


3.4 


3.8 


P 1 7 1 H/W 548 L mutant 


20% in IGOpM 


>9I00 


>310OO 




PI 71 H/S627I mutant 


9.4 


850 


680 


L3 


Table II 


ALS protein type 


150 (uM) 1 


R.S ratio 


Predicted 
RS ratio 


RS -ratio/predicted 
RS ratio 


Wild type 


0.008 








Pi 7 IH mutant 


0.04 


5 






■R172S. mutant 


0.0092 


1.2 






W548L mutant 


36 


4500 






S627I mutant 


22 


2800 






P I 71 H/R372S mutant 


0.041 


5.1 


6 


0.85 


Pt 71 H/WS48L mutant 


11% in IGOuM 


> 13000 


23000 


>0.S7 


P 1 7 1 H/S 62 71 mutant 


21% in lOGaM 


> 1.3000 


14000 


>0.93 



Table 12 



A IS protein type ISO (pM) RS ratio Predicted RS 

RS ratio ratio/predicted 
RS ratio 



Wild type 


0.013 








PI 7 1H mutant 


1.1 


85 






E172S mutant 


0.011 


0.85 






W548L mutant 


9.9 


760 






S627I mutant 


0.03! 


2.4 






P171H/R172S mutant 


5.5 


420 


7? 


5.8 


P17IH/W548L mutant 


16% in lOO^iM 


>7700 


§5000 


>0. 1 8 


m 71 H/S627I mutant 


9.9 


760 


200 


3.8 


Pi7IH/W548L/S627I 


30% in SOG^M 


> 3 8000 


160000 


>0.24 



mutant 



Table 13 

ALS prototype — 150 (^M) RS ratio Predicted ES 

RS ratio rati o/predis ted 

_____ RS ratio 

Wild type 2,2 



PI 7 1H mutant 


3.4 


1.5 






R 1 72 S mutant 


2.3 


1 






W548L mutant 


16% in lOOfiM 


>4S 






S627I mutant 


15 


6.8 






P 1 71 H/R172S mutant 


3.9 


1.8 


1.5 


1.2 


PI 7 1H/W548L mutant 


.13% in lOOuM 


>45 


>68 




P171H/S627I mutant 


71 


32 


10 


3.2 


P171B/W548L/S627I 


15% in lOOuM 


>45 


>460 





mutant 



Data of the above : Tabl es 9 to 13 are described belo w in order. 
First, data of inhibition activity by bispyribac-sodium (Table 9) 
revealed tire following: 

Among mutant ALS protein coded by the I -point mutant genes (FT71H, R1728, 
W548L and S627I), W548L mutant ALS protein showed the highest resistance 
to Mspynbac-sodium (RS ratio: 520), S627I mutant ALS protein or Ft 71 H 
mutant ALS protein also showed high resistance (RS ratio: 41 and 8.7> 



respectively), but R172S mutant ALS protein showed resistance only equivalent 
to that of wild type ALS protein (RS ratio: 0,98), These results revealed that 
P1.7IH mutation, W548L mutation and S627I mutation in ALS protein are 
mutations effective in enhancing resistance to bispyribac-sodium* Further, 
R172S mutation in ALS protein was shown to be a silent mutation. 

On the other hand, among mutant ALS proteins coded by the 2-pomt 
mutant genes, P17IH/W548L mutant ALS protein showed the strongest 
resistance to bispy r ibae-sod him (5,5% inhibition in 100 jiM, and RS ratio: 
>1 5(300). P171H/S627X. mutant ALS protein also showed strong resistance to 
hispyribac-sodium (RS ratio: 3700), The degree of resistance of P i 7 1H/R1 72S 
mutant ALS protein was approximately the same as P 171 H mutant ALS protein. 
Farther, P171H/W548L/S627I mutant ALS protein coded by the 3 -poiitf mutant 
gene also imparted strong resistance to bispyribae-sodium (1J% inhibition 
when IOOuM, and RS ratio: > 15006), In addition, actual results of herbicide 
dose-response on which these results were based are shown in Figs, 26 and 27. 

For the 2 -point and 3-pomt mutations, the predicted . RS ratios and 
actual RS ratios were compared. RS ratios of P171H/W548L mutant ALS 
protein and P171H/S627I mutant ALS protein were sigmfieantly higher than the 
predicted RS ratios (the ratio of the RS ratio to the predicted RS ratio was 
remarkably larger than !}, These results revealed that these two 2 -point 
mutant genes (the gene coding for PI71H/W54SL mutant ALS protein, and the 
gene coding for P171H/S627I mutant ALS protein) impart resistance against 
bispyribae ^sodium to ALS protein which is stronger than an additive effect 
predicted from the degree of each resistance of the 1 -point mutant gene. 

Next, inhibition activity by pyrithiobae-sodium (Table 10) revealed the 
following: 

Among mutant ALS proteins (Pi 701,. RI72S, W548L and $3271) coded by 
1. -point mutant genes, W548L mutant ALS protein showed the strongest 
resistance to pyrithiobae-sodium (41% in 100 jiMj and RS ratio: >910O), 



S627I mutant ALS protein also showed resistance (RS ratio: 200), but the 
degree of the resistance of P I 7 I H mutant ALS protein was low (RS ratio; 3.4)-, 
■R172S mutant ALS protein showed resistance only equivalent to that of the wild 
type ALS protein (RS ratio: 0.85). These results revealed that P171H mutation, 
W548L mutation, and S 62 71 mutation m ALS proteins are effective mutations m 
enhancing resistance to pyrithiobac-sodiuto.. Further, RI72S motation in ALS 
protein was shown to be a silent mutation. 

On the other hand, among the mutant ALS proteins coded by 2-point 
mutant genes, PI71H7W548L mutant ALS protein Imparted the strongest 
resistance (20% inhibition in 100 jiM ? and RS ratio: >9100) ; followed by 
P17iH/S627I mutant ALS protein (RS ratio: 850), Unlike the data of 
inhibition activity by bispyribae -sodium shown in Table 9, in the case of 
pynthiobae-sodium, P171H/R172S mutant ALS protein showed a degree of 
resistance higher than that of PI 71 H mutant ALS protein (RS ratio; 13) . Thus, 
it was clarified that RI72S mutation, which is a silent mutation fay itself 
enhances the degree of resistance of P 171 H mutant ALS protein. 

Further, for 2 -point mutant ALS proteins, when a combined RS ratio 
predicted from each RS ratio of 1 -point mutant ALS proteins and the actual RS 
ratio were compared, it was found that the RS ratio of P17iH/R172S mutant 
ALS protein was significantly higher than that of the predicted RS ratio (the 
ratio of the actual RS ratio to the predicted RS ratio was remarkably larger than 
1). These results revealed that P171H/Ri72S mutant ALS protein showed 
resistance to pyrithiobac-sodium stronger than that predicted from the degrees 
of resistances of the 1 -point mutant genes. 

Next, inhibition activity by pyriminobac (Table 11) revealed the 
following: 

Among mutant ALS proteins coded by 1 -point mutant genes (P171LL RI72S, 
WS48L.and.S627 1), W548L mutant ALS protein showed the strongest resistance, 
to pyritnmohac (RS ratio: 4500). S6271 mutant ALS protein also imparted 
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strong resistance (RS ratio: 2800), but the degree of resistance of P17IH mutant 
ALS protein was low (RS ratio: 5)- R172S ---mutant ALS protein showed 
resistance only equivalent to that of the wild type ALS protein (RS ratio: 1,2), 
These results revealed that PI 7.1 H mutation,: W548L mutation and S627I. 
mutation in ALS proteins are mutations effective in enhancing resistance to 
pyrimiiiobae. Further, R172S mutation in ALS protein was shown to be a 
silent mutation. 

Among the mutant ALS proteins eodsd by the 2 -point mutant genes, 
P171H/W548L mutant ALS protein imparted the strongest resistance (11% 
inhibition in 100 jiM, and RS ratio: >13000), followed by P171H/S627I mutant 
ALS protein (21% inhibition; when 100 p.M, and RS ratio: > 13.000), for these 
P17IH/W548L mutant ALS and P 171 H/S 62 71 mutant ALS proteins, predicted 
RS ratios and actual ratios were compared. However, it could not be 
clarified whether resistance stronger than the resistance predicted from the 
degrees of resistances of each 1 -point mutant gene is shown. 

Next, inhibition activity by ehlorsulforpn (Table 12) revealed the 
following : 

Among the mutant ALS proteins coded by I -point mutant genes (P171H, R172S, 
W548L and S627I). W548L mutant ALS protein showed the strongest resistance 
to chlorsulforon (RS ratio : 520), P171H mutant ALS protein showed -.relatively 
strong resistance (RS ratio: 85), but the degree of resistance of S627I mutant 
ALS protein was low (RS ratio: 2.4). R172S mutant ALS protein showed 
resistance only equivalent to that of the wild type ALS protein (RS ratio: 0.85), 
These results revealed that P171H mutation and W54SL mutation in ALS 
protein are mutations effective in enhancing resistance to chiorsuifuron, 
Further, R1.72S mutation in ALS protein was shown to be a silent .mutation. 

Among the mutant ALS proteins coded by 2-point mutant genes, 
PI 7 1 H/W548L mutant ALS protein imparted the strongest resistance (16%. 
inhibition in 100 yM 9 and RS ratio: >7700), followed by P171H/S627I mutant 
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ALS protein (RS ratio: 760). Unlike the data of inhibition activity by 
hispyrihae-sodium shown in Table 9 S in the case of ehlorsulfuron, P17tH/R172S 
muiant ALS protein showed a degree of resistance (RS ratio: 420} higher than 
that of PI 7 IE mutant ALS protein. Thus, it was clarified that Rl 725 mutation, 
which is a silent mutation by itself, enhances the degree of resistance of P1.7I.Kt 
mutant ALS protein. Further, P171H/W548L/S627X mutant ALS protein also 
imparted strong resistance (30% inhibition in 500 pM> and RS ratio: >3 S00). 

For P171H/R172S mutant ALS and PI 7 1 H/S627I mutant ALS proteins, 
predicted RS ratios and actual RS ratios were compared ... For both proteins, the 
actual RS ratios were significantly higher than the predicted RS ratios. These 
results revealed thai P17IH/R172S mutant ALS protein and P17IH/S627X 
mutant ALS protein showed resistance to ohlorsuiferon stronger than that 
predicted from the degrees of resistances of each I -point mutant gene. 

Next* data of inhibition activity by Iinazaquin (Table 13} revealed the 
fbilowing: 

Among the mutant ALS proteins coded by i -point Mutant genes (PI. 7.1 B f R1723, 
W548L and S627I), W548L mutant ALS protein showed the strongest resistance 
to im azaquin (14% in 1 00 jiM ? and RS ratio: >4S). S627I mutant ALS pro tern 
also showed resistance (RS ratio: 41), but PI 71 H mutant ALS protein showed 
almost no resistance (RS ratio: 1,5). R172S mutant ALS protein showed 
resistance only equivalent to that of the wild type ALS protein (RS ratio: 0,98). 
These results revealed that W548L mutation and S627I mutation in ALS protein 
are mutations effective in enhajuemg resistance to imazaquin. Further, PI. 7,1 11 
mutation and R172S mutation in ALS protein were shown to he silent mutations 
against imazaquin. 

Among the 2-pomi mutant genes, P171H/W54SL mutant ALS protein 
imparted the strongest resistance (13% inhibition in 1 00 uM ? and RS ratio: >4S), 
followed by PI71H/S627I mutant ALS protein (RS ratio: 32). The degree of 
resistance of P! 71 H/R 172 S mutant ALS protein was almost the same as that of 
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pl'7].H Upmni mutant gene. Further, P17IH/W548L/S627I mutant AIS 
protein also imparted strong resistance (15% Inhibition in 100 jiM. and RS 
ratio: >45), 

For these 2~poini ALS mutant proteins and 3 -point ALS mutant protein, 
predicted RS ratios and actual RS ratios were compared. The RS ratio of 
P171H/S6271 mutant ALS protein was significantly higher than the predicted 
RS ratio (the ratio of the actual RS ratio to the predicted RS ratio was clearly 
larger than !). These results revealed that P171H/S627I mutant ALS -protein 
showed resistance to imazaquin stronger than that predicted from the degrees of 
resi stances of each 1 -point mutant^ gene > 
Industrial Applicability 

[Effect of ihp Invention] 

As described in detail above, the present ■ inveMibn- can provide a gene 
coding for acetolactate synthase showing good resistance to varions herbicides, 
an acetoi&ctate synthase protein coded by the gene, a recombinant vector having 
the gene ? a transformant having the recombinant vector, a plant having the gene, 
a method for rearing the plant* and a method for selecting a transformant cell 
using the gene as a selection marker, 

[Sequence Listing] 

SEQUENCE LISTING 

<I10> KUMIAI CHEMICAL INDUSTRY GO..* LTD 

National Institute of Agrobiological Sciences 

■<12&> A: gene coding, for aceto-iactate^sythetase 

<13G> P02H)O48 

<I40> 



^83 - 



<X4l> 



<160> 34 

<170> Pat ent In Ver. 2.0 

<210> I 
<2ll> 2301 
<2I2> DNA 

<2I3> Oryza sativa var. kiumaze 

<220> 
<221> CDS 

<222> (48) . . (1979) 
<400> i 

ceeaaaccea gaaaecctcg eegecgccge cgcegccaec acccacc atg get acg 56 

Met Ala Thr 
I 

tec gec gee gcg acg get: aag 104 
Ser Ala Ala Ala Thr Ala Lys 
15 

ace ggc cgt aag aac cste cag cga cae cao gtc ctt ccc get. cga ggc 152 
Thr Gly Arg Lys Asn His Gin Arg His His Val Leu Pro Ala. Arg Gly 
20 25 30 35 

egg gtg ggg gcg gcg gcg gtc agg tgc teg gcg gtg tee ccg gtc acc 200 
Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr 



aec gec gcg gec gcg gec gec gee ctg 
Thr Ala Ala Ala Ala Ala Ala Ala leu 
5 10 
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40 45 50 

cog ccg: tec ccg gcg ecg ccg gec acg cog etc egg ccg: tgg ggg cog 243 

Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Sly Pro 
55 60 65 

gee gag ccc cge &&g ggc gcg' gao ate etc gtg gag gcg ctg gag egg 296 

Ala Giu Pro Arg lys Gly Ala Asp lie Leu Val Glii Ala Leu. Gin Arg 
70 7,5 SO ' 

tgc ggc gto age gae gtg. ttc gec tac ccg ggc ggc gcg tec atg gag 344 

Cys .Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu 
85 90 95 

ate eac cag gcg ctg acg ego tec. ccg gtc ate ace aac cae etc ttc 392 

lie His Gin Ala Leu Thr Arg Ser Pro Yal lie Thr Am Mis Leu Fha 

100 105 110 115 

cge eac gag cag ggc gag gcg ttc gcg gcg tec: ggg tac gcg ego gcg 440 

Arg His: Qiu Gin Gly Glu Ala Phe Ala Ala Ser Gly Tyr Ala Arg Ala 

120 125 130 



tee ggc cge: gtc; ggg gtc tgc gtc gec ace tee ggc ccc ggg gca ace 488 

Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro Gly Ala Thr 

135 140 145 

aac etc gtg tec gcg etc gec gac gcg ctg; etc gac tec gtc ccg atg 536 

Am Leu Val Ser Ala Lea Ala: Asp Ala Leu Leu Asp Ser Val Pro: Mat 
150 155 160 



^ t. c 




ate 




ggc 


cag 


gtc 


CSC 


age 


c ge 


atg 


ate 


ggc 


aec 


gae 


gee 


584 




Ala 


lie 


Thr 


Glv 


Gin 


Val 


His 


Ser 


Arg 


Met 


tU 


Gly 


Thr 


T\$p 


Ala 






165 










no 










175 












tic 


cag 




8 eg 


c e c 


at a 


gtc: 


gag 


gtc 


a cc 


ege 


t cc 


ate 


aec 


aag 


eac 


632 


Pfce 


Gin 


Glu 


Thr 


Fro 


lie 


Val 


Glu 


Yal 


Thr 




Ser 


lie 


Thr 


Lys 


Hi s 




180 










185 










190 










195 




a at 


tae 


ctt 


gtc 


ctt 


gat 


gtg 


gag 


gac 


ate 


cec 


ego 


gtc 


at a 


cag 


gaa 


630 


A sn. Tyr 


Leu 


Va] 


Leu 


Asp 


Val 


Glu 


Asp 




Pro. 


Arg 


Yal 


lie 


Gin 


Glu 












200 










205 










210 






gee 


ttc 


ttc 


etc 




tec 


to g 




est 


eet 


ggc 


ccg 


gtg 


ctg 


gtc 


gac 


728 


Ala Phe 


Pil6 




Ala 


S©r 


Ser 


Gly 


Axg 


Pro 


Gly 


Pro 


Val 


Leu 


Val 


Asp 










215 










220 










225 








ate 


cc.c 


aag 


gae 


ate 






cag 


atg 


gee 


gtg 


CC:g 


gtc 


tgg 


gae 


aec 


776 


lie 


Pro 


Lys 


Asp. 


lie 


Gin 


Gin 


Glii 


Met 


Ala 


Val 


Pro 


Val 


Trp 


Asp; 


Thr 








230 










235 










240 










teg 


aig 


a at 


C l.-o 


coa 




tae 


ate 


gca 


CgC 


Ctg: 


ecc 


aag 


cca 


cec 




824 


Ser 


Met 


Asn 


Leu 


Pro 


Gly 


T V'F 


lie 


Ala 


Arg 


Leu 


Pro 


Lys 


Pro 


Pro 


Ala 






245 










250 










255: 












aca 


gaa 


ttg 


ctt 


gag 


oaf 


gt c 


tt g 


egt 


ctg 


#«■ 


gge 


gag 


tea 


egg 


cgc 


872 


Thr 


61 u 




L 8 U. 




Krl Is. 


v a i 




nrg 


D&u 


V« 1 
i«i 


Kt i v 




l \ & ^ 




n.x & 




280 










265 










270 










275 




eeg 


att 


etc 


tat 


gtc 


ggt 


ggt 


ggc 


tgc 


tct 


gca 


tct 


ggt 


gae 


gas 


ttg 


920 


Pro 


i le 


Leu 


Tyr 


Val 


Gly 


Gly 


Gly 




Ser 


Ala 


Ser 


Gly 


Asp 


Glu 


Leu 
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280 285 290 

pgc tgg ttt gtt gag ctg: act ggt ate eca gtt. aea ace act ctg atg 98$ 

Arg Trp Phe Val Glu Lmi Thr Gly lie Pro Val Thr Thr Thr Leu Met 
295 300 305 

ggc etc ggc aat ttc dec agt gae gae ecg t.t'g tec ctg oge atg ett .1016 

Gly Leu Gly Asn Phe Pro Ser Asp : Asp Pro Leu Ser Leu Arg Met Leu 
310 315 320 

ggg atg cat ggc aeg gtg tac gca aat tat gee gtg .gat aag: got gae 1064 

Gly Met lis Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp 
325 330 335 

ctg tig ett gcg; ttt ggt gtg egg ttt gat gat c-gt gtg aca ggg aaa 1112 

Leu Leu-. Leu- Ala Phe Gly Val Arg Phe Asp hsp Arg Val Thr Gly Lys 

340 345 350 355 

att. gag get ttt gca age agg gec aag att gtg cac att gae att gat 1180 

lie Glu Ala Phe Ala Ser Arg: Ala Lys lie Val His lie Asp lie Asp 

380 365 370 

eca gca gag att ggs aag aac aag eaa eea cat gtg tea -att, tge gca 1208 

Pro Ala Glu lie Gly Lys Asa Lys Gin Pro His Val Ser He Cys Ala 
375 380 385 

gat gtt aag ett get tta cag ggc tig aat get ctg eta caa cag age 1258 

Asp Val Lys Leu Ala Leu Gin Gly Leu Abu Ala Leu Leu Gin Gin: Ser 
390 395 400 



aea aca aag aca agt tet: gat ttt agt gea tgg cac a at gag; ttg gac 
Thr Thr lys Thr Ser Ser Asp Phe Ser Ala. Trp His Asn GIu Leu Asp 
405: 410; 415 



1304 



eag eag aag agg gag ttt cct, ctg ggg tac aaa ac t ttt ggt gaa gag 1352 
Gin Gin Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Sly Glu GIu 
420 425 430 435 

ate eca eeg eaa tat gee att cag gtg ctg gat gag ctg acg aaa ggt 1400 
lie Pro Pro Gte Tyr Ala lie Gin Val Leu Asp GIu Leu Thr Lys Gly 
440 445 450 

gag gea ate ate get act ggt gtt ggg cag eac eag atg t0 gcg gea 1448 
Glu Ala lie lie Ala Thr Gly Val Gly Gin His Gin Met Trp Ala Ala 
455 480 485 

cap tat tee ace tac aag egg cca egg eag tgg ctg tot teg get ggt 1498 
Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ser Ser Ala Gly 
470 475 480 

etg gge gea atg gga ttt ggg ctg eet get gea get ggt get tet gtg 1544 
Leu Gly Ala Met Gly Phe Gly Let* Pro Ala Ala Ala Gly Ala Ser Val 
485 490 495 

get aae eea ggt gte aea. gtt gtt gat att gat ggg gat ggt age ttc 1892 
Ala Asn Pro Gly Val Thr ¥al Val Asp lis Asp Gly Asp Gly Ser Phe 
500 505 510 515 

etc atg: aae att eag gag ctg gea ttg ate ege att .gag aae etc cot 1840 
Leu Met Asn lie Gin Glu Leu Ala leu tie Arg Tie Glu Asn Leu Pro 
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520 525 530 

gtg aag gtg atg gtg ttg aae a®c csa oat ttg ggt atg gtg gtg caa 1688 

Val Lys Val Met Val Leu Ash Asn Gin His Leu Sly Met Val Val Gin 

535 540 545 

tgg gag. gat ;a.gg ttt. tac. aag gcg aat agg gcg cat aca tac ttg gge 1738 

Trp Gxu Asp Arg Pfte Tyr Lys Ala Ash Arg Ala His Thr Tyr Leu Gly 

550 555 550 

,aae eeg gaa t-gt gag age gag ata tat cca gat ttt gtg act att get 1784 

Asn Pro Glu Gys Glu Set Glu lie Tyr Pro Asp The Val Thr lie Ala 
565 570 575 

aag ggg;- tte aat att cct-gca. .gte egt gta aca aag aag agt gaa .gte 1832 

Lys Gly Phe Asn lie Pro Ala Val Arg Val tfcr Lys Lys Ser Glu Val 

580 585 590 595 

cgt gee gec ate aag aag atg etc gag act cca ggg cca tac ttg ttg 1880 

Arg Ala Ala lie Lys Lys Met Leu Glu Thr Pro Gly Pro Tyr Leu Leu 

600 805 610 

gat ate ate gte ceg cac cag gag cat gtg: ctg ect atg ate: cca agt 1928 

Asp He lie Val Pro His Gin Glu His Val Leu Pro Mat lie Pro Ser 

615 620 625 

ggg gge gea ttc aag gao atg at-e; erg gat ggt gat gge agg: act gtg 1978 

Gly Gly Ala Pbe Lys Asp Met lie Leu Asp Gly Asp Gly Arg Thr Val 

530 835 840 
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tat taatctataa $c tgtatg.it ggcaaagcac cagcccggcc tat'gtttgac 2028 
Tyr 

ctgaatgace cataaagagt ggt&tgccta tgatgtttgt atgtgetcta teaataaeta 2089 
aggtgtcaae tatgaaceat atgotettct gttttacttg ttigatgtge ttggcatggt 2149 
aatectaait agcttcetge tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 22 09 
atcacaagat atcatgtaag tttcttgtcc taeatateaa taataagaga ;at : aaagtact 2289 
tctatgea&a aaaaaaaaaa aaaaaaaaaa a a 2301 

<210> 2 

<21I> 644 

<212> PRT 

<2.13> Orysa saliva ■ vajfr- kiniaa^e 

<400> 2 

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Her Ala Ala Ala 
1 5 10 15 

Thr Ala Lys Thr Sly Arg Lys Asn Mis Gin. krg His His Val Leu Pro 
20 25 30 

Ala Arg 61 y Arg: Val Sly Ala Ala Ala Val Arg Gys Ser Ala Val Ser 
35 40 45 

Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro 

* 70 - 



50 



55 



60 



Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp lie Leu Vat Glu Ala 
85 70 76 80 

Leu Glu Arg Cya Gly Val Ser Asp Val Phe Ala Tyr Fro Gly Gly Ala 
85 90 95 

Ser Met Glu lie His Gin Ala Leu Thr Arg Ser Fro Val lie Thr Asn 
100 105 110 

Bis Leu Fhe Arg His Glu Gin Gly Glu Ala Phe Ala Ala Ser Gly Tyr 
115 120 125 

Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro 
130 135 140 

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Lea Asp Ser 
145 150 155 160 

Val Pro Met Val Ala lie Thr Gly Gin Val His Ser Arg Met lie Gly 
165 170 175 

Thr Asp Ala Fhe Gin Glu Thr Pro lie Vai Glu Val Thr Arg. Ser lie 
130 136 190 

Thr Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp lie Fro Arg Val 
195 200 205 

lie Gin Glu Ala Fhe Phe Leu Ala Ser Ser Gly Arg Fro Gly Pro Val 
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210 



215 



220 



Leu Val Asp II* Pro Lys : Asp lie Gin Glfc Gin Mat Ala Yal Pro Val 
225 230 235 240 

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Tie Ala Arg Leu Pro Lys 
245 250 255 

Pro Pro Ala Thr Glu Leu Leu Glu Gin Val Leu Arg Leu Val Gly Glu 
250 265 270 

Ser Arg Arg Pro lie Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly 
275 280 285 

Asp Glu Leu Arg Trp Phe Val Glu Leu Thr Gly lie Pro Val Thr Thr 
290 295 300 

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu 
305 310 315 320 

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp 
325 330 335 

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val 
340 345 350 

Thr Gly Lys lie Glu Ala Phe Ala Ser Arg Ala Lys lie Val His lie 
355 360 365 

Asp He Asp Pro Ala Glu He Gly Lys Asn Lys Gin Pre Bis Val Ser 
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370 



370 



380 



lie Cys Ala Asp Val Lys Leu Ala Lea Gin Gly Leu Asn Ala Leu Leu 
385 390 395 400 

Gin Gin Ser Thr Thr Lys; Thr Ser Sex Asp Phe Ser Ala Trp His Asn 
405 410 415 

Glu Leu Asp Gin Gin. Lys Arg GLu Phe Pro Leu Gly Tyr Lys Thr Phe 
420 425 430 

Gly Glu Glu lie Pro Pro Gin Tyr Ala lis Gin Val Lea Asp Glu Leu 
435 440 445 

Thr Lys Gly Glu Ala lie Tie Ala Thr Gly Val Gly Gin his Gin Met 
450 455 460 

Trp Ala Ala Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ser 
465 470 475 480 

Ser Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly 
485 490 495 

Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp lie Asp Gly Asp 
500 505 510 

Gly Ser Phe Leu Met Asn lie Gin Glu Leu Ala Leo lie Arg lie Glu 
515 520 525 

Asn Leu Pro Val Lys Val Met Val Leu Asn Asn Gin His Leu Gly Met 
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530 



535 



540 



Val Val Gin. Trp Glu Asp Arg jPhe Tyr Lys Ala Asa Arg Ala His Thr 
545 550 555 560 

Tyr Leu Gly Asn Pro Glu Cys Glu Ser Glu He Tyr Pro Asp Phe Val 
565 570 575 

Thr He Ala Lys Gly Phe Asn lie Pro Ala Val Arg Val Thr Lys Lys 
580 585 590 

Ser Glu Val Arg Ala Ala He Lys Lys Met Leu Glu Thr Pro Gly Pro 
595 600 60S 

Tyr Leu Leu Asp lie lis Val Pro His Gin Glu His Val Leu Fro Met 
510 615 620 

lie Pro Ser Gly Gly Ala Phe Lys Asp Met lie Leu Asp Gly Asp Gly 
625 630 635 640 

Arg Thr Val Tyr 



<210> 3 
<211> 2300 
<2I2> DNA 

<2I3> Oryza sat iva var. kinmaxe 
<220> 
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<221> CDS 

<222> (48),, (1979) 

<400> 3 

eceaaaeeea gaaaceotog ccgcegccge cgeegceace ae.ccaec atg get. acg 56 

Met Ala Thr 
1 

acc gec gc'g gee. geg .gee gee gee. ctg tec gee gec geg acg gee. aag; 104 

Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 

5 10 15 

acc gge cgt sag aac esc cag cga cac eae gtc ett eec get cga gge 152 

Thr Gly Arg Lys Asn His Gin Arg His His Val Leu; Pro Ala Arg 6,1 y. 

20 25 30 35 

egg gtg ggg geg geg geg gtc agg tgc teg geg gtg tec cog gtc ace 200 

Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pre Val Thr 

40 45 50 

ccg ccg tee eeg geg ccg ecg gec acg ccg etc egg ccg tgg ggg ccg 248 
Fro Fro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro 

55 60 65 

gec gag ere oge aag gge geg gac ate etc gtg gag geg ctg gag -egg 298 

Ala Glu Pro Arg Lys Gly Ala Asp lie Leu Val Glu Ala Leu Gil u Arg 

70 lb SO 

tgc gge gtc age gac gtg tie gec tab ccg gge gge. geg tec atg. gag 344 

Cys Gly Val Ser Asp Val Phe Ala tyr Pro Gly Gly Ala Ser Met Glu 
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85 










90 










95 










ate 


cac 


e$g 


EC £ 

£5^' £> 


G t ST 






tec 




gte 


ate 


ace 




cac 


etc 


ttc 


lie 


His 


Gin 


Ala 


Lett 


Thr 


- t> 


Ser 


Pro 


Yal 


lie 


Thr 


A so 


His 


Leu 


Phe 


100- 










105 










no 










1 15 




cac 


& 


cag 




O *-* o 


S?C 2 


ttc 


£ 0 £ 




tc e 


ggg 


tac 


,gcg 


cgc 


gcg 


Ar ^ 


His 


G'lu 


\ j 1 1 i 


Gly 




Ala 


Phe 


Ala 


A. la 


S er 


Gly 


Tjt 


Ala 


Arg 


Ala 










120 










125 










130 




t cc 


. o-C"C 






r- Jr- 


ste 


t. s c 


£te 




ac c 


tec 


Q v r 


ccc 


rr. ;^ 


gca 


ace 




tvl V 




Val 




Val 




Val 


Ala 


Thr 


Ser 


Gly 


Pro 


Gly 


Ala 


Thr 








135 










140 










145 








etc 




tee 


p vf 
fc* V fe 


etc 




gac 


£? ^ & 


C t :Z 

.-.V v ft> 


etc 


gac 


tec 


gtc 


ecg 


atg 






Val 


Ser 


Ala 


Leu 


Ala 


Asp 


Ala 


Leu 


Leu 


f\ S D 


Ser 


Val 


Pre 


Met 






ISO 










155 










160 








i? t f: 




at c 


H C XZ 

V* V- £j 






gt c 


c a c 




esc 


at s 


ate 


■a* & 


acc 


gac 


gec 




A 1 q 

P. A vi 


T i 


Thr 


GiV 


Gin 


Val 


His 




Airs 


Met 


lie 


Gly 


Thr 


Asp 


Ala 




165 










170 










175 










ttc 




ft> iJk b- 


C £ 


e c c- 


a t a: 


gt c 


gag 


gt c 


ace 


cgc 


tec 


ate 


aee 


aag 


cac 


Phe 


Gin 


01 u 


Thr 


Pro 


lie 


Val 


Glu. 


Val 


Thr 


Arg: 


Ser 


Tie 


Thr 


Ly-s- 


His 


ISO 










185 










190 










IBS 


aat 


tac 


ctt 


gte 


ctt 


■gat 


gig 


gag: : 


gac 


ate 


ccc 


cgc 


grc 


at a 


cag 


gaa 




Tyr 


Leu 


Val. 


Leu. 


Asp 


Val 


Glu 


Asp 


XI© 


Pro 


Arg 


Yal 


1 1 e 


Gin. 


Glu 



200 205 210 
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gee ttc tic etc gcg tec teg ggc : e.gt ect ggc ccg gtg ctg. gtc gae 
Ala Phe Phe Lm Ala Ser Ser Gly Arg Pro Gi/y Pro Val L«u 'Val Asp 
215 220 225 



728 



ate ecc aag : &te eag eag cag atg gee gtg ccg gtc tgg gap ace 776 
lie Pro Lys Asp lie Gin Gin Gin Met Ala Val Pro Val Trp Asp Thr 
230 235 240 

teg atg aat eta eca -ggg tae ate gca egc ctg oec aag oca eec gcg 824 
Ser Met Aen Leu Pro Gly Tyr lie Ala Arg Lm Pro Lys Pro Pro Ala 
245 250: 255 

aca gaa tig ei/t gag eag gtc ttg egt ctg gtt ggc gag tea egg egc 872. 
Thr Glu Leu Leu Glu Gin Val Leu Arg Leu Val Gly Glu Ser Arg Arg 
260 265 270 276 

ccg att etc tat gtc ggt ggt ggc tgc tct gca tct ggt gae gaa ttg 920 
Pro Tie Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu 
■280 285' 290 

cge tgg tt t gtt gag ctg act ggt ate oca. gtt aea ace act: ctg atg 988 
Arg Trp Phe Val Glu Leu Thr Gly lie Pro Val Thr Thr Thr Leu Met 
295 300 305: 

ggc etc ggc nat ttc ceo agt gae gae eeg ttg tee ctg ego atg ctt 1018 
Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro.: Leu Ser Leu Arg Met Leu 
310 315 320 

ggg atg eat ggc a eg gtg tae gca aat tat gee gtg gat aag get gae 1084 
Gly Met His Gly Thr Val Tyr Ala ksn Tyr Ala Val Asp Lys Ala Asp 
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325 330 335 



ctg 


ttg; 


ctt. 


gcg. 


ttt 


ggt 


gtg 


Pgg 


ttt 


gat 


gat 


cgt 


gtg- 






aaa 


1112 


Leu 


Leu 


JL.- U- 


Ala 


Phe 


Gly 


Val 


Arg 


Phe 


Asp 


Asp 


Arg 


Val 


Thr 


Gly 


Lys 




340 










345 










350 










355 




att 


gag 


get 


ttt 


gsa 


age. 


agg 


gec 


aag 


att 


8ft g 


cac 


o -j- +■ 

a l- l 


gac 


att 


gat 


1160 


lie 


Glu 


Ala. 


Phe 


Ala 


Ser 


Arg 


Ala 


Lys 


lie 


Val 


His 


lie 


Asp. 


lie: 


Asp 












360 










385 










370 






cea 


gca 


gag 


alt 


gga 


aag 


aac 


aag 


caa 


CCS 


cat 


gtg 


tea 


att 


tgc 


gca 


1208 


Pro 


Ala 


Glu 


He 


Gly 


lys 


Asn 


Lys 


.Gin 


Pro 


His 


Val 


Ser 


lie 


Cys 


Ala 










375 










330 










385 








gat 


gtt 


aag 


ctt 


get 


tta 


cag 


ggc 


ttg 


a at 


get 


ctg 


eta 


caa 


cag 


age 


1256 


Asp 


Val 


Lys 


Leu 


Ala 


Leu 


Gin 


Gly 


Lea 


Asn 


Ala 


Leu 


Leu 


Gin 


Gin: 


Ser 








390 










395 










400 










a OB 


aca 


aag 


aca 


agt 


tot 


gat 


ttt 


agt 


gca 


tgg 


cac 


aat 


gag 


ttg 


gac 


1304 


Thr 


Thr 


Lys 


Thr 


Ser 


Ser 


Asp 


Phe 


Ser 


Ala 


Trp 


His 


Asn 


Glu 


Leu 


Asp 






405 










410 










415 












cag 


cag 


aag 


agg 


gag 


ttt 


cct 


ctg 


ggg 


tac 


aaa 


act 


ttt 


ggt. 


gaa 


gag 


1352 


Gin Gin 


Lys 


Arg 


Glu 


Phe 


Pro 


Leu 


Gly 


Tyr 


Lys 


Thr 


Phe 


Gly 


Glu 


Glu 




420 










425 










430 










435 




ate 


oca 


cog; 


caa 


tat 


gec 


alt 


cag 


gtg 


ctg 


gat 


gag 


ctg 


acg 


aaa 


ggt 


1400 


lie 


- Pro 


Pro 


Gin 


Tyr 


Ala 


lie; 


Gin 


Val 


Leu 


Asp 


Glu 


%p\x. 


Thr 


Lys 


Gly 





440 445 450 
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gag gca ate ate get act ggt gtt ggg cag eac cag atg tgg geg .gca 
Glu Ala lie lie Ala Thr Sly Val Giy Gin His Gin Met Trp Ala Ala 
455 460 465 



1448 



teg get ggt 1496 
Ser Ala Giy 

ctg gge gca atg gga ttt ggg ctg act get gea get ggt got tct gtg 1544 
Leu Giy Ala Met Sly Phe Giy Leu Pro Ala Ala Ala Sir Ala Ser Val 
485 490 495 

get aac cea ggt g.te aca gtt gtt: gat att gat ggg gat ggt age ttc 1592 
Ala Abb Pro Giy Val Thr Val, Val Asp lie Asp. Giy Asp Giy Ser Phe 
500 505 510 515 

etc atg aae att eag gag ctg gca ttg ate ego att gag aae etc cot 1640 
Leu Met Asa lie Gin Glu Leu Ala Leu lie Arg. lie Glu Aso Leu Pro 
520 525 530: 

gtg aag gtg atg gtg ttg aac aac caa eat ttg ggt atg gtg gtg oaa 1688 
Val Lys Val Met: Val Leu Asn Am. Gin His Leu Giy Met Val Val Gin 
535 540 545 

ttg gag; gat agg ttt tac aag geg mt agg geg cat aca toe ttg ggc 1736 
Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Giy 
550; : 556 560 

.aac cog gaa tgt gag age gag at a tat eea gat ttt gtg act att get 1784 
Am Pro Glu Cys Glu Ser Glu lie Tyr Fro Asp Phe Val Thr lie Ala 



oaa tat tac ace: tac aag egg cca egg cag tgg ctg tct 
Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ser 
470 475 480 
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565 570 575 

sag ggg tie aat att ect gea gtc egt gta aca aag aag; agt gaa gtc 1882 
Lys Gly ?h.0 ksn. He Pro Ala Val Arg Val Thr Lys Lys Sex Glu Val 
580. 5.8$ 590 595. 

c:gt gee gee ate aag. aag atg etc gag act oca ggg eca tac ttg ttg 1880 
Arg Ala Ala lie Lys Lys Met Leu Glu Thr Pro Gly Pro Tyr Leu Leu 
600 605 610 

gat ate ate gtc ce.g eae cag gag cat gtg ctg oct atg ate cca agt 1928 
Asp lie lie Val Pro His Gin Glu His YaT Leu Pro Met lie Pro Ser 
815 620 625 

ggg ggc gca ttc aag; gac atg ate ctg gat ggt gat ggc agg act gtg: 1976 
Gly Gly Ala Phe Lys Asp Met lie Leu Asp Gly Aap Gly Arg Thr Val 
830 835 640 

tat taatetataa tctgtatgtt ggcaaagcac cagcccggcc tatgtttgae 2020 
Tyr 

ctgaatgacc cataaagagt ggtatgeeta tgatgtttgt atgtgetcta tcaataaeia 2089 
aggtgtcaac tatgaaccat atgetcttet gttttacttg; tttgatgtge ttggcatggt 2149 
aatcetaatt agettcetgc tgtctaggtt tgtagtgtgt tgttttctgt aggcatatge 2W$ 
ateacaagat atcatgtaag tttcttgtcc: taeatateaa tastaagaga ataaagtaet 2268 
tctatgeaaa aaaaaaaaaa aaaaaaaaaa a 2300 
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<210> 4 
<211> 644 
<212> PRT 

<213> Oryza sa'tiya var. kinnsase 
<400> 4 

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala 
1 5 10 IS 

Thr Ala Lys Thr Gly Arg Lys Asn His Gin Arg His His Yal Leu Pro 
20 25 30 

Ala Arg Gly Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser 
35 40 45 

Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Lea Arg Pro 
50 55 60 

Trp Gly Pro Ala felts Pro Arg Lys Gly Ala Asp He Leu Yal Glu Ala 
65 70 75 80 

Leu Glu Arg Cys Gly Yal Ser Asp Yal Phe Ala Tyr Pro Gly Gly Ala 
85 90 95 

Ser Met Glu lie His Gin Ala Leu Thr Arg Ser Pro Val lie Thr Asm 
100 105 110 

His Leu Phe Arg Mis Glu Gin Gly Glu Ala Phe Ala Ala Ser Gly Tyr 
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115 120 125 

Ala Arg Ala Set Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro 
ISO 135 140 

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser 
145 150 155 160 

¥al Pro Met Val Ala lie Thr Gly Gin Val His Arg Arg Met lie Gly 
165 170 175 

Thr Asp Ale Phe Gin Glu Thr Fro lie Val Glu Val Thr Arg Ser He 
180 IBS 190 

Thr Lys His Asa Tyr Leu Val Leu Asp Val Glu Asp He Pro Arg Val 
195 200 205 

lie Gin Glu Ala Pbe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val 
210 215 220 

Leu Val Asp He Pro Lys Asp lie .Gin Gin Gin let Ala Val Pro Val 
225 230 235 240 

T'rp Asp Thr Ser Met Asn Leu Pro Gly Tyr He Ala Arg Leu Pro Lys 
245 250 255 

Pre Pro Ala Thr Glu Lea Leu Glu Gin Val Leu Arg Leu Val Gly Glu 
260 265 270 

Ser Arg Arg Pro He Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly 
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275 



280 



285 



Asp Gltt lm Arg Trp Phe Val Glu Leu Thr Gly lie Pro Val Thr Thr 
290 295 300 

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu 
305 310 315 320 

Arg let Leu Gly Met Bis Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp 
325 330 335 

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val 
340 345 350 

Thr Gly Lys lie Glu Ala Phe Ala Ser Arg Ala Lys lie Val His lie 
355 360 385 

Asp lie Asp Pro Ala Glu lie Gly Lys Asn Lys Gin Pro His Val Ser 
378 375 380 

lie Cys Ala Asp Val Lys Leu Ala Leu Glu Gly Leu Asn Ala Leu Leu 
385 390 395 400 

Glu Gin Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp Mis Asn 
405 410 415 

Glu Leu Asp Gin Glu Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe 
420 425 430 

Gly Glu Glu lie Pro Pro Gin Tyr Ala lie Gin Val Leu Asp Glu Leu 
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435 



440 



445 



Thr In 81? Glu A Is lie lie Ala Thr Gly Val Gly Gin His Gin Met 
.450 455 460 

Trp Ala Ala Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ser 
465 470 475 480 

Ser Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Fro Ala Ala Ala Gly 
485 490 405 

Ala Ser Va] Ala Asn Pro Gly Val Thr Val Val Asp lie Asp Gly Asp 
500 505 510 

Gly Ser Phe Leu Met Asn lie Gin Glu Leu' Ala Leu lie Arg He Glu 

515 520 : S2S 

Asn Lets Pro Val Lys Val Met Val Leu Asia Am Gin His Leu Gly Met 
530 535 540 

Val Val Gin Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr 
545 550 555 560 

tyr Leu Gly Asn. Pro Glu Cys Glu Ser Glu lie Tyr Pro Asp Phe Val 
585 570 575 

Thr lie; Ala; Lys Gly Phe Asn lie Pro Ala Val Arg Val Thr Lys Lys 
580 585 590 

Ser Glu Val Arg Ala Ala lie Lys Lys Met Leu Glu Thr Pro Gly Pro 



- 84 - 



59:5 



600 



608 



Tyr Leu Leu Asp lie lie Val Pro His Gin Glu His Yal Leu Pro Met 
610 615 620 

Tie Pro Ser Gly Gly Ala Phe Lys Asp Met lie Leu Asp Gly Asp Gly 
825 630 635 640 

Arg Thr Val Tyr 



<2iO) 5 
<211> 2294 
<212> DMA 

<2i3> Oryza sativa var. kinmaze 

<220> 

<221> CDS 

<222> (48). - (1979) 

<400> 5 

cccaaaccca gaaaccetcg eegcegcege cgcegeeaec acceacc atg get acg 

Met Ala Thr 
1 



acc gec gcg gec gcg gec gec gec ctg tec gee gee gcg acg gee aag 
Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 
8 10 15 
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acc ggc cgt aag sac cac cag oga cat; cap gtc ct't ccc get cga ggc 
Thr Gly Arg Lys Asa His (31a Arg His His Val Ley Pro Ala Arg Gly 
20 25 30 35 



152 



egg gtg 


ggg 


gcg 


gcg 


gCg 






r.oV 


Arg V a i 


Cl - 


/Via 






V B i 


Arg 










40 










peg cog 


tec 


cog 




ccg 


ccg 






Pro Pro 


bex 


rro 




XX U 


Pro 


A t 


J. .til 






65 










60 


gec gag 


0 CO 


DgC 


aag 


gE c 


gC g 


gBC 


-f- f -« 


Ala bia 


Fro 


Ai g 


l y & 


tel. y 




ASP 


T To 




70 










75 




tge ggo 


gtc 


age 


gBC 








T ^ /> 




v a i 




Asp 


v .a i 


JT lie? 




* y* 


85 










90 






3'tC GEiC 








<f* fy 

civ & 


f CF f 


t C C 




lie His 


Girt 


Ala 


Leu 


Thr 


Arg 


Ser 


Pro 


100 








105 








cgc cac 


gag 


cag 




gag; 


geg- 


ttc 


gcg 


Arg His 


Glu 


Gin 


Gly 


Glu 


Ala 


Phe 


Ala 








120 










tec ggc 


ego 


gtc 




gtc 


tgc 


gtc 


gec 


Ser Gly 


Arg 


Val 


Gly 


Val 


Cts 


Val 


Ala 



teg gcg gtg tec ccg gtc aec 200 
Ser Ala Val Ser Pro Val Thr 
45 SO 

ccg etc egg ccg tgg ggg ccg 248 
Pro Leu Arg Pro Irp Gly Pro 
65 

etc gtg gag gcg ctg gag egg 236 
Lm Val Glu Ala Leu Glu Arg 
80 

ccg ggc ggc gcg tec atg gag 344 
Pro Gly Gly Ala Ser Met Glu 
95 

gtc arc acc aao cac etc ttc 392 
Val Tie Tlir Asm His Leu The 
110 115 

gcg tec ggg tac gcg cgc gcg 440 
Ala Ser .Gly Tvr Ala Arg: Ala 
125 130 

acc Lee ggc ccc ggg gca acc 488 
thr. Ser Gly Pro Gly Ala Thr 
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135 140 145 

aac etc gtg, tec gcg etc gee gae- ;gcg otg etc gae tec gtc cog atg 536: 

Aan Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Bet Val Pro Met 

150 155 160 

gtc gee ate aeg gge cag gtc cao cgc ege atg; ate ggc ace. gac gee 584 

Yal Ala lie Thr Gly Mn.Val. His Arg Arg Met He Gly Thr Asp Ala 

185 170' 1?S 

tte eag gag acg ccc at a g.te gag gtc sec ego tee ate acc aag- eae 652 

Phe Gin Glu Thr Pro He Val Glu Yal Thr Arg Ser Tie Thr lys His 
180 185 190 195 

aat -tae ct-t gtc; eft gat gtg gag gac ate ccc c-g.es gtc ata cag gaa 630 

Asn Tyr Leu Val Leu Asp Val Glu Asp lie Pro Arg Val He Gin Glu 
200 205 210 

gec tic ttc etc gcg tec tog ggc cgt eet ggc ccg gtg efg gtc; gac 728 

Ala I%e Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Yal Asp 
215 220 225 

ate ccc aag gae ate cag cag cag atg gec gtg ccg gtc tgg gac ace 776 

lie Pro Lys Asp lie Gin Gin; Gin Met Ala Yal Pro Val Trp Asp Thr 

230 335 240 

teg atg aat: eta cca ggg tac ate gca egc ctg ccc aag tea ccc gcg 824 

Ser Met' Aan Leu Pro Gly Tyr lie Ala Arg Leu Pro Lys Pre: Pro .Ala 

245 250 255 



-87- 



aea gaa ttg ett gag eag. gxc ttg cgt ctg gtt ggc gag tea egg ego 
Thr Glu Leu Leu Glia Gin Val Leu Arg Leu Val Sly Glu Ser Arg Arg 
260 265 270 275 



872 



eeg att etc tat gtc ggt ggt ggc tgc ict gea tot ggt gae gaa ttg 920 

Pro lie Leu Tyr Val Gly Giy GXy Cys Ser Ala. Set Gly Asp Glu Leu 

280 285 29:0 

cge tgg ttt gtt gag ctg act ggt ate cca gtt aea ace act ctg atg 968 

Arg frp Phe Val Glu Leu Thr Gly lie Pro Val. Thr Thr Thr Leu Met 
295 300 305 

ggc etc ggc aat tic cce agt gac gac ceg ttg tec ctg cgc a:tg ctt 1018 

Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu Arg Met Leu 
310 315 320 

ggg atg cat: m c acg gig tap gca aat tat gec gtg gat aag get gac 1.084 

Gly Met His Gly Thr Val tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp 
325 330 335 

ctg ttg : ett geg ttt ggt gtg egg ttt gat gat cgt gtg aea ggg aaa 1112 

Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys 

340 345 350 355 

att gag get ttt gca age agg gec aag att gtg eac att gac att gat 1,160 

lie Glu Ala Phe Ala Ser Arg Ala Lys lie Val His lie Asp lie Asp 

360 365 370 

cca gea gag at t. gga aag aac aag caa cca cat gtg tea att tgc gca 1208 

Pro Ala Glu lie Gly Lys Asn Lys Gin Pro His- Val Ser lie Cys Ala 
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380 



385 



■gat- 


gtt 


aag 


Ctt 


get 


tta 


cag: 




ttg 


Asp Val 


Lys 


Leo 


Ala 


Leu- 


Gin 


Gly 


Leu 
















396 

*-* 




aca 




aag 


aca 


agt 


tct 


gat 


ttt 


agt 


Thr Thr 


Lys. 


Thr 


Ser 


Ser 


Asp 


Phe 


Ser 




405 










A 1 0 
^± 1 U 






cag 


cag 


aag 


agg 


.gag 


ttt 


CC't 


ctg 


tm 


Gin 


Gin 


Lys 


Arg 


Glu 


Phe 


Pro 


Leu 


Gly 


420 


















ate 


cca 


ecg 


caa 


tat 


gCO 


a.tt 


cag 


gtg 


lie 


Pro 


Pro 


Gin 


Tyr 


Ala 


lie 


Gin 


Val 




















gag 


gc a 


ate. 


ate 


get 


act 


ggt 


gtt 


fe> x> 


Glu 


Ala, 


lie 


lie 


Ala 


Thr 


Gly 


Val 


Gly 








X w v. 










460 


caa 


tat 


tac 


ace 


tac 


aag 


egg 


cca 


egg 


G In 


Tyr 


Tyr 


Thr 


Tyr 


Lys 


Arg 


Pro 


Arg 






470 










475 




ctg 


ggc 


gca 


atg 




ttt 


ggl 


ctg 


cct 


Leu 


Gly 


Ala 


Met 


Sly 




Gly 


Leu 


Pro 




485 










490 







aat get ctg eta caa cag age 1258 
Asn Ala Leu Leu Gin Gin Ser 
400 

gca tgg eac :aat gag ttg gas 1304 
Ala Trp His Asn Glu Leu Asp 
415 

tac aaa act ttt ggt gaa gag 1352 
Tyr Lys: Thr Phe Gly Glu Glu 
430 435 

ctg gat gag ctg aeg aaa ggt 1400 
Leu Asp Glu Leu Thr Lys Gly 
445 450 

cag cac cag atg tgg geg gca 1448 
Gin Mis Gin Met Trp Ala Ala 
465 

cag tgg ctg tct teg get ggt 1496 
Gin Trp Lea Ser Ser Ala Gly 
489 

get gca get ggt get tct gtg 1544 
Ala Ala Ala Gly Ala Ser Val 
495 
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get aae oca ggt gtc aca gtt git gat att get ggg gat ggt age ttc 
Ala Asn Pro Gly Val Thr Vai Vai Asp lie Asp Gly Asp Giy Ser Phe 
§00 '505 510 SIS- 



1592 



etc atg aac att cag gag ctg gca. ttg ate cgc att gag aac etc, cct 1840 
Leu Met Ash lie Gin Gin Leu Ala Leu lie Arg lie Glu Asn Leu Pro 
520 525 530 

gtg aag gig atg gtg ttg aac aac caa cat ttg ggt atg gtg gtg cm. 1883 
Vai Lys Val Met Val Leu Mn Asa Gin His Leu Giy Met Val Vai Gin 
535 540 545 

tgg gag gat agg ttt tac aag 
Trp Glu Asp Arg Phe Tyr lys 
5.50 

aac ccg gaa tgt gag age gag ata tat cea gat ttt gtg act att get 1784 
Am Pro Glu Cys Glu Ser Gly lie Tyr Fro Asp Phe Val Thr lie Ala 
565 570: 575 

aag ggg tie a&t att cct gea gtc cgt gta aca aag aag agt gaa gtc 1832 
Lys Gly Phe -Asia He Pro Ala Val Arg Vai Thr Lys Lys Ser Glu Val 
580 585 590 595 

cgt gee gee ate aag aag atg etc gag act cea ggg eea tac ttg ttg 1880 
Arg Ala Ala lie Lys Lys Met, Lett Glu Thr Pro Gly Pro Tyr Leu.. Leu 
800 605 610 

gat ate ate gtc eeg eac cag gag cat gtg ctg cct atg ate cca att 1328 
Asp lie lie Val Pro His Gin Glu firs Val Leu Pre Met He Pro He 



geg a at agg geg eat aca tac ttg gge 
Ala Asn Arg Ala His Thr Tyr Leu Gly 
555 560 



1/ m 
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615 620 825 

ggg gge gca ttc mg gac atg ate ctg gat ggt gat ggc agg act g:tg. 1976 
Gly 01 y Ala Phe Lys Asp Met lie Leu Asp Gly Asp Gly Arg Thr Val 
630 635 640 

tat taatetataa tctgtatgtt ggzamgca.c. cagcceggce tatgtttgac 20.2:9 
Tyr 

ctgaatgacc eataaagag.t ggtatgecta tgatgtttgt atgtgetcta tcaataacta 2088 
aggtgtoaae tatgaaccat atgetcttet gtittaettg tllgatgtgE ttggcatggt 2142 
Satcfctaatt age ttcctgc tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 2209 
atcaeaagat ateatgtaag tttcttgtcc ta^atatcaa taaia&gaga ataaagtact 2269 
tetatgtaaa aaaaaaaaaa aaaaa 2294 

<210> 6 
<2U> 644 
<212> PHI 

<2|S;> Ory&a saliva var> kiiimase 
<400> 6 

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala. Leu S&r Ala Ala Ala 
I 5 10 15 

Thr Ala hys Thr Gly Arg Lya Asa His Gin Arg His His Val Leu Pro 

91 - 



20 



25 



30 



Ala Arg Sly Arg Va.l Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser 
35 40 45 

Pro Val Thr P*q Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro 
50 53 60 

Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp lie Leu Val Glu Ala 
65 70 75 80 

Leu Glu Arg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala 
85 90 95 

Ser Met Glu lie His Gin Ala Leu Thr Arg Ser Pro Val He Thr Asn 
100 1QS 110 

Has Leu Phe Arg His Glu Gin Gly Glu Ala Phe Ala Ala Ser Gly Tyr 
115 120 125 

Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro 
130 135 140 

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser 
145 150 155 160 

Val Pro Met Val Ala He Thr Gly Gin Val His Arg Arg Met Tie Gly 
165 170 ITS 

Thr Asp Ala Phe Gin Glu Thr Pro lie Val Glu Val Thr Arg Ser lie 
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180 



185 



190 



Thr Lys His Asn Tyr Leu Val. Leu Asp Val Glu Asp lie Pro Arg Val 
195 200 205 

lie Gin Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Sly Pro Val 
210 215 220. 

Leu l?al Asp lis Pro Lys Asp lie Gin Glu Gin Met Ala Val Pro Val 
225 230 235 240 

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr He Ala Arg Leu Pro Lys 
245 250 255 

Pro Pro Ala Thr Glu Leu Leu Glu Gin Val Lea Arg Leu Val Gly Giu 
260 265 270 

Ser Arg Arg Pro lie Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly 
275 280 285 

Asp Glu Leu Arg Trp Phe Val Glu Leaf Thr Gly Tie Pro Val Thr Thr 
290 295 300 

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu 
305 31.0 315 320 

Arg Met Leu Gly Met Has Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp 
325 330 335 



Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val 
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Thr Gly Lys lis Giu Ala Phe Ala Ser Arg Ala Lys lie Val His lie 
355 360 365 



Asp lie Asp Pro Ala 0.1 u lie Gly Lys Asn Lys Gin Pro His Val Ser 
370 375 380 

lie Cys Ala Asp Val Lys Leu Ala Leu Gin. Gly Leu Asn Ala Leu Leu 
385 390 395 400 

Gin Girt Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn 
405 410 415 

Glu Leu Asp Gin Gin Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe 
420 425 430 

Gly Glu Glu lie Pro Pro Gin Tyr Ala lie Gin Val Lea Asp Glu Leu 
43S 440 445 

Thr Lys Gly Glu Ala lie lie Ala Thr Gly Val Gly Gin His Gin Met 
450 455 460 

Trp Ala Ala Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ssr 
465 470 475 480 

Ser Ala Gly Leu Gly Ala, Met Gly Phe Gly Leu Pro Ala Ala Ala Gly 
4S5 490 495 



Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp He Asp Gly Asp 



500 



505 



510 



Gly Ssr Pho Leu Met Asna lie Gin Glu leu Ala Leu lie Arg lie Glu 
515 520 525 

Asn Leu 'Pro Val Lys Val Met Val Leu :Asn Asn Gin His Leu Gly Met 
530 535 540 

Val Val Gin Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr 
545 550 555 580 

Tyr Leu Gly Asn Pro Qlu Gys Glu Sex Glu He Tyr Pro Asp Phe Val 
565 570 575: 

Thr lie Ala Lys Gly Phe Asn lie Pro Ala Val Arg Val Thr Lys Lys 
580 585 590 

Ser Glu Val Arg: Ala Ala lie Lys Lys Met Leu Glu Thr Pro Gly Pro 
595 600 605 

Tyr tm Leu Asp lie lie Val Pro: His Gin Glu His Val Leu Pro Mot 
810 615 620 

He Pro I'U 01 y Gly Ala Phe Lys Asp Met lie Leu Asp Gly Asp Gly 
825 830 635 640 

Arg Thr Val Tyr 
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<2iO> 7 
<211> 2294 
<2i2> UNA 

<213> Oryza sati'/a v&r, kinmase 

<220.> 
<221> CDS 

<222> (48) . . (1979) 
<400> 7 

cccaaaceca gaaaccctcg ccgccgccgc cgcegccaoe aeeeaee atg get acg 56 

Met Ala Thr 
1 



ace gee gcg gec geg gee gee gee ctg tec gee gee geg acg gee aag 104 
Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 
5 10 15 

acc ggc cgt aag aac cac cag ega cac eae gtc c it ccc get ega gge 152 
Thr G l y Ar g : Lys Asb His Gin Arg His His Val Leu Pro Ala Arg Gly 
20 25 30 36 

egg gig ggg gcg gcg geg gtc egg tgc teg geg gtg tec ecg gtc see 200 
Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr 
40 45 50 

ccg ccg tec cog geg ecg ccg gec acg ecg etc egg ceg tgg ggg ecg 248 
Pro Pro Ser Pro Ala Pro Pro Ala thr Pro Leu Arg Pro Trp Gly Pro 
55 60 65 
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gee gag ccc cgc aag. ggc gcg gac ate etc gtg gag gcg ctg gag egg 296 

Ala flu Pro Arg Lys Gly Ala Asp lie Leu fa! Glu Ala Leu SI a Arg 

70 75; 80 

tgc ggc gtc age gac gtg tte gee t.ac eeg ggc ggc gcg tec at-g gag 344 

Cys Sly Val Ser Asp Val Ph. a Ala Tyr Pro Sly Gly Ala Ser Met Glu 

85 90 95 

ate cac cag gcg ctg acg cgc tec ceg gtc ate acc aac cac etc tte 392 

lie His Gin Ala Leu Thr Arg Ser Pro Val lie Thr ksli Bis Leu Phe 

100 105 110 115 



ago cac gag cag ggc gag gcg tte gcg 
Arg His Gin Gin Gly Glu Ala Phe; Ala 
120 



gcg tec ggg tac gcg ego- gcg: 440 
Ala Ser Gly Tyr Ala Arg Ala 
125 130 



tec ggc cgc g.te ggg gtc tge gtc gec acc tec ggc; ccc ggg gea acc 488 
Ser Gly Arg Val Gly Val Cys Vial Ala Thr Ser Gly Fro Gly Ala Thr 
135 140 145 

aac etc gtg tec gcg etc gee gac gcg ctg etc gac tec gtc ceg at-g. 536 
Asn Lm. Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met 
150 155 160 

gtc gee ate acg ggc cag gtc cac cgc cgc atg ate ggc ace gac gee S34 
Val Ala lie Thr Gly .Gift Val His: Arg Arg Max lie Gly Thr Asp Ala 
165 170 ITS 

tte eag gag acg ccc at a gtc gag gtc acc cgc tec ate acc aag cac 632 
Phe Gin Glu Thr Fro lie Val Gin Val Thr Arg Ser lie Thr Lys His 



180 135 190 195 

mt tae ctt gtc pxt gat gtg gag gac ate cce cgc gtc ata cag gsa 680 

Asn Tyr Leu Val, Leu Asp Val Glu. Asp lie Pro Arg Val He. Gin Glu 

200 205 210 

gec tic tie etc gcg tec teg ggc cgt Oct ggc- cog .gtg ctg gtc gac 728 

Ala Fhe Fire Leu Ala Ser Ser Gly Arg Fro Gly Pro Val Leu Val Asp 

215 220 225 

■ate ccc aag gac ate cag cag cag atg gec gtg ecg gtc tgg gac ace 776 

lie Pro Lys Asp Ik Gift Gin Gin Met Ala Val Pro Val Trp Asp Thr 
23.0 235 240 

teg atg aat eta cca ggg fcac ate gca cge ctg ccc aag cca ccc gcg 824 

Ser Met Asn Leu Pro Gly Tyr He Ala Arg Leu Pro Lys Pro Pro Ala 
245 250 255 

aca ga'a ttg ctt gag cag gtc ttg cgt ctg gtt ggc gag tea egg : cgc 872 

Thr Glu Leu Leu Glu Gin Val leu Arg Leu Val Gly Glu Ser Arg Arg 
260 285: 27.0 275 

ccg att etc tat: gtc ggt ggt ggc tgc tot gca Let ggt gac gaa ttg 920 

Pro lie Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu 

280 285 290 

cgc tgg ttt gtt gag ctg act ggt ate cca gtt aca acc act ctg atg 968 

Arg Trp Fhe Val Glu Leu Thr Gly lie Fro Val thr Thr Thr Leu Met 

255 300 305 
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ggp etc ggc aat tic ccc agt gae gae ceg tig tec ctg cgc atg ctt 10:18 
Gly Leu Gly Ash Phe Pro Ser Asp Asp Pro Lm Ser Leu Arg; Met Leu. 
310 315 320 



ggg atg cat ggc aeg gtg tap gca aat tat gee gtg gat aag get gac 1064 
Gly Met His Gly Thr Val Tyr Ala: Am Tyr Ala Val Asp Lys Ala Asp 
325 330 335 

ctg ttg ctt ge.g ttt ggt gtg: egg ttt gat gat cgt gtg aca ggg ami 1112 
Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Tbr Gly Lys 
340 345 350 355 

att gag get ttt 
tie Git* Ala Phe 

cca gca gag att gga aag aae aag caa eea eat gtg tea att tgc gca 1208 
Pro Ala Glu Us Gly Lys Asn Lys Gin Pro His Val Ser lie Cys Ala 
375 380 385 

gat git aag ett get tta eag ggc ttg aat 
Asp Val Lys Leu Ala Leu Gin Gly Leu Km 
390 395 

aca aca aag aca agt tct gat ttt agt gca tgg cac aat gag ttg gac 1304 
Tbr Tbr Lys Tta Ser Ser Asp Phe Ser Ala Trp His Asn Glu Leu Asp 
405 410 415 

cag cag aag agg gag ttt cct. ctg ggg tac aaa act ttt ggt gaa gag 1352 
Gin Gin Lys Arg Glu Phe Pro Lea Gly Tyr Lys Tbr Phe Gly Glu Glu 



gca age agg 


gee 


aag 


att 


Ala Ser Arg 


Ala 


Lys 


I la 


360 






365 



370 



got ctg eta caa cag age 1256 
Ala Leu Leu Gin Gin Ser 
400 
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420 425 430 435 



ate 


cca 


ccg 


caa 


tat 


gee 


att 


cag gtg 


ctg 


gat 


gag 


ctg 


aeg 


aaa 


ggt 


1400 


lie 


Pro 


Pro 


Gin- 


Tyr 


Ala 


lie 


Gin 


Val 


Leu 


Asp 


Glu 


Leu 


Thr 


L y s 


Gly 












440 










4:45 










450 






gag 


gca 


ate 


ate 


get 


■act 


ggt 


gtt. 


ggg 


cag 


eac 


cag 


atg 


V & « 
"■68 


gcg 


gca 


1448 


Glu 


Ala 


lie 


lie 


Ala 


Thr 


Gly 


Val 


Gly 


Gin 


His 


Gin 


Met 


Trp 


Ala 


Ala 










455 










460 










485 








caa 


tat 


tae 


ace 


t m 


aag 


egg 


cca 


egg 


cag 


tg.g 


ctg 


tet 


teg 


get 


ggt 


1496 


Crln Tyr 


Tyr 


Thr 


Tyr 


Lye 


Arg 


Pro 


Arg 


Gin 


Trp 


Leu Ser 


Ser 


Ala 


Gly 








470 










475 










480 










ctg 




gca 


atg 


gga 


ttt 




ctg 


cot 


get 


gca 


get 


ggt 




tet 


gtg 


1344 


Leu Gly 


Ala 


Met 


Gly 


Phe 


Gly 


Leu 


Pro 


Ala 


Ala 


Ala 


.Gly 


Ala 


Ser 


Val 






485 










490 










495: 












get 


aac 


cca 


ggt 


gtc 


ac a 


gtt 


gtt 


gat 


att 


gat 


ggg 


gat 


ggt 


age 


t-t-c 


1592 


Ala 


fen 


Pro 


Gly 


Val 


Thr 


Val 


Val 


Asp 


lie Asp 


Gly Asp Gly 


Ser 


Phe 




500 










805 










510 










5 15 




ct c 


atg 


a&e 


att 


cag 


gag 


ctg 


gca 


ttg 


ate 


ege 


att 


gag 


aae. 


etc 


cot 


1640 


Leu 


Met 


Asn 


lie 


Gin 


Glu 


Leu 


Ala 


Leu 


lie 


Arg 


lie 


Glu 


Asn: 


Leu 


Fro 












520 










525 










530 






gtg 


aa:g 


gtg 


atg 


gtg 


ttg: 


aac 


aac 


caa 


cat 


ttg 


ggt 


atg 


gtg 


gtg 


caa 


1638 


Val 


Lys 


Val 


Met 


Val 


Leu 


Asn 




Gin 


His 


Leu 


Gly 


Met 


Vial 


Val 


Gin 





535 540 545 



100 



ttg gag gat agg ttt tac aag gcg aat agg geg cat aca lac ttg gge 
Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Gly 
550 555 560 



1738 



bbc ccg gaa tgt gag age gag ata tat oca gat ttt gtg act att get 1784 
Asn Pro Glu Cys Glu Ser Gla lie Tyr Fro Asp Phe Val Thr lie Ala 
565 570 575 

aag ggg ttc aat: ®%t cot gea gtc cgt gla aca aag aag agt gaa gtc 1832 
Lys Sly Phe Ami lie Pro Ala Val Arg Yal Thr Lys Lys Ser Glu Val 
580 585 590 595 

tac ttg ttg 1880 
Tyr Leu Leu 
610 

gat ate ate gtc ccg cac sag gag cat gtg ctg cot atg ate cos att- 1938 
Asp He lie Val Pro His Gin Glu His Val Leu Pro Met lie Pro lie 
615 620 625 

ggg ggc gca ttc: aag gae atg ate ctg gat ggt gat gge agg act gtg 1976 
Gly Gly Ala Pha Lys Asp Met lie Leu Asp Gly Asp Gly Arg Thr Val 
630 635. 640 

tat taatctataa tctgtatgtt ggcaaagcac cagcccggce tatgtttgao 2029 
Tyr 

etgaatgace cataaegagt gglatgccta tgatgtttgt atgtgctcta tcaataaeta 2089 
aggtgtcaae tatgaaccat atgetettct gttttacttg tttgatgtgc ttggcatggt 2149 



cgt gec gee ate aag aag atg etc gag act cea ggg cca 
Arg Ala Ala lie Lys Lys Met Leu Glu Thr Pro: Gly Pro 
000 605 
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aatcotaatt agettcctgc tgtctaggtt tgtagtgtgt tgttttctgt aggcataxge 2209 
atoacaaga'i atcatgtaag tttcttgtcc tacatatcaa taataagaga ataaagtact 2269 
tetaigcaaa aaaaaaaaaa aaaaa 2294 



<210> 8 
<2li> 644 
<2I2> PRT 

<2I3> Oryza sativa rar, kimaase 
<400> 8 

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Bar Ala Ala Ala 
1 5 10 15 

Thr Ala Lys TLr Gly Arg Lys Asn His Gin Arg Mis Mis Val Lea Pro 
20 25 30 

Ala Arg Gly Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser 
35 40 45 

Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro 
50 55 60 

Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp lie Leu Val Glu Ala 
65 70 75 80 

Leu Glu Arg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala 
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85 



90 



95 



Ser Met Glu lie His Gin Ala Leu Thr Arg Ser Pro Val lis Thr Asn 
100 105 11.0 



His Leu Phe Arg His Glu Gin Gly Glu Ala Phe Ala Ala Ser Gly Tyr 



1 IS 



120 



• ;ie 



Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro 
130 135 140 

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser 
145 ISO 155 160 

Val Pro Met Val Ala lie Thr Gly Gin Val His Arg Arg Met lie- Gly 
165 170 175 

Thr Asp Ala Phe Gin Glu Thr Pro lie Val Glu Val Thr Arg Ser lie 
180 185 190 



Thr Lys His Asa Tyr Leu Val Leu Asp Val Glu Asp lie Pre Arg Val 
195 200 205 



lie Gin Glu Ala Phe Phe Lea Ala Ser Ser Gly Arg Pro Gly Pro Val 
210 215 220 



Leu Val Asp He Pro Lys Asp lie Gin Gin Gin Met Ala Val Pro Val 



230 



235 



240 



Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr lie Ala Arg Leu Pro Lys 
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245 



250 



Pro Fro Ala Thr Glu Leu Leu Glu Gin Val Leu Arg Leu Val Gly Glu 
260 265 270 

Ser Arg Arg Pro He Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly 
275 280 285 

Asp Glu Leu Arg. Trp Phe Val Glu Leu Thr Gly lie Pro Val Thr Thr 
290 295 300 

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu 
305 310 315 320 

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp 
325 330 335 

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val 
340 345 350 

Thr Gly Lys lie Glu Ala Phe Ala Ser Arg Ala Lys lie Val His lie 
355 360 365 

Asp lie Asp Pro Ala Glu lis Gly Lys Asn Lys Gin Pro His Val Ser 
370 375 380 

lie Cys Ala Asp Val Lys Leu Ala Leu Gin Gly Leu Asn Ala Leu Leu 
385 390 395 400 

Glu Gin Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn 
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405 



410 



415 



Olu leu Asp Gin Ghi Lys Arg Gits Phe Pro Leu Gly Tyr Lys Thr Phe 
420 425 430 

Gly Glu Glu He Pro Pro Gin Tyr Ala lie Gin Val Leu Asp Glu Leu 
435 440 445 

Thr Lys Gly Glu Ala lie lie Ala Thr Gly Val Gly Gin His Gin Met 
450 455 460 

Trn Ala Ala Gin Tyr Tyr Thr Tyr Lys Arg Pro Arg Gin Trp Leu Ser 
465 470 475 480 

Ser Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly 
485 490 495 

Ala Ser Yal Ala Asa Pro Gly Val Thr Val Val Asp lie Asp Gly Asp 
500 505 510 

Gly Ser Phe Leu Met Ash lie 61a Glu Leu Ala Leu lie Arg lie Glu 
515 520 525 

Asn Leu Pro Val Lys Val Met Val Leu Asn Asn Gin His Leu Gly Met 
530 535 540 

Val Val Gin Leu Glu Asn Arg Phe Tyr Lys Ala Asn Arg Ala His Thr 
545 550 555 580 

Tyr Leu Gly Asn Pro Glu Cys Glu Ser Glu lie Tyr Pre Asp Fhs Val 
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565 



570 



575 



Thr II© Ala Lys Gly Phe km lie Pro Ala Yal, Arg Val Thr lys Lys 
580 585 590 

:Ser Glu Yal Arg Ala Ala lie Lys; Lys Met Leu Glu Thr Fro Gly Pro 
595 800 605 

Tyr Leu Lou Asp lie lie Val Pro His Gin Glu Mis Val Leu Pro Met 
610 615 820 

lie Pro lie Gly Gly Ala Pke Lys Asp Met He Leu Asp Gly Asp Gly 
625 630 835 640 

Arg Thr Val Tyr 



<210> 9 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence:primer 

<400> 9 

gctctgetac aacagageac a 
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<210> 10 
<2il> 21 
<212> MA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer: 
•'•400; 10 

agtcetgeea tcaecatccs g 21 



<210> 11 
<211> 19 
<212> DNA 

<2i3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> II 

c t gggaea e c t c g a tgaa t 



<210> 12 
<211> 25 
<2X2> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : primer 
<400> 12 

caacaaacca gcgca&ttcg tcaec 

<210> 13 
<2I1> 18 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Descript ion of Artif icial Sequence -.primer- 
<400> 13 

catcaccaac cace tct i 

<210> 14 
< 2 1 1 > 21 
<212> DM 

<2I3> .Artificial Sequence 
<220> 

■<223> Description of Artificial Sequence: primer 
<400> 1.4 

aact.g : ggata eeagte&gct a. 
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<210> 15 
<2Ii> 18 
<212> DNA 

<213> Artificial Sequence 
<220? 

<22S> Description of Artificial Sequence.- primer 
<400> 16 

tgigcttggt gatgga 



<210> 18 
<211> 22 
<212> DM 

< 2 1 3 > Art i f i e i a 1 Seq ti.©» c © 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 16 

tcaaggacat gatcotggat gg 



<210> 17 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<22D> 
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<223> Bescripfipn of Artificial Sequence : primer 
<400> 17 

c a g cgacgtg 1 1 ogee t a 

<210> 18 
<211> IS 
<212> 0MA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence priaier 
<400> 18 

c c aee gaea 1 aga gaa t e 

<MQ> 19 
<211> 18 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 19 

aeac ggactg. caggaat-s 
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<210> 20 
< 2 i 1 > 18 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .: primer 
<400> 20 

ttacasggeg aatagggc 18 



<210> 21 
<211> 17 
<212, DMA 

<213> Artificial Sequence 
<22Q> 

<'22:3> Description of Artificial Sequence: primer 
<400> 21 

gca t e 1 1 c 1 1 gat ggeg 1 7 



<210> 22 

<2ii> is 

<212> DMA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: primer 

<4o;o> 22 

a t g ea t gge a egg t gt a c 

<210> 23 
<2!.L> 17 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 23 

gat t gc c t c a cc 1 1 te g 

<2I0> 24 
<211> 17 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequeBce : primer 
<400> 24 

aggtgtc ac a gt t gt t g 
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<210> 25 
<21I> 17 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: pxisser 
<4G0> 25 

agagg t gg 1 1 gg t ga t g 



<210> 26 

<2il> 17 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 26 

gctttgccaa catacag 1? 



<210> 27 
<2.U> 17 
<212> SNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial 'Sequence '■■ pr imx 
<400> 27 

cagcecaaat cccattg 

<210> 28 
<21l> 18 
<2I2> DNA 

< 2 1 3 > At 1 1 f lc i a 1 S e qu en c e 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 28 

a t g t a c c o I. g gtagatie 

<210> 29 
'211 > 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence ' primer 
<220> 

<22 1> Yar i at i on 
<222> 15 

<223> n represents a, e, g or t 
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<400> 29 

gtttygctay ccggngg 



17 



<2I0> 30 

<2H> 19 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence "primer 

<400> 30 

ggaaaeaget atgaccatg 19 



<210> 31 
<2il> 23 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 31 

ccgggagctg catgtgtcag agg 23 



<210> 32 
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<21.1> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :priaer 
<400> 32 

gggeiggcaa gceacgtttg gtg 

<210> 33 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial. Sequence :priser 
<40G> 33 

ccccagccgc atgatcggca ccgacgcc t 1 

<210> 34 
<21I> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
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<400> 34 

eggtgecgat catgcggctg ggg&est 



27 



{Sequence Listing Free Text] 
SEQ ID NOS: 9 to 34 represent primers. 
The 15 th n in SEQ ID NO; 29 represents a, c, g or L 
[Brief Description of the Drawing] 

[Fig J A] 

Figure 1A shows an amino acid sequence comparison between the 
mutant ALS proteins and the wild typ e AL S protein. 
[FiglB] 

Figure IB is a continuation from Fig. 1A, and shows an amino add 
sequence comparison between tile mutant ALS proteins and the wild type ALS 
protein. 

[Fig,2A] 

Figure. 2. A shows a nucleotide sequence comparison between the mutant 
ALS genes and the wild type ALS gene. 
[Fig,2B] 

Figure 2B is a continuation from Fig. 2A, and shows a nucleotide 
sequence, comparison between the mutant ALS genes and the wild type ALS 
gene. 

[Fig.2C] 

Figure 2G is a continuation from Fig. 2B, and shows a nucleotide 
sequence comparison between the mutant ALS genes and the wild type. ALS 
gene, 

[Fig,2Dj 

Figure 2D is a continuation ixoin Fig. 2C. and shows a nueleotide 
sequence comparison, between the mutant ALS genes and the wild type ALS 
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gene. 

Figure 3 is a characteristic figure showing sensitivity of Rb line to 
bispyribac- sodium, 

mm 

Figure 4 is a characteristic figure showing sensitivity of Sr line to 
Mspyribae-sodiuniu 
[Fig.5] 

Figure 5 is a characteristic figure showing sensitivity of Ga. line to 
[Figv6] 

Figure 6 is a characteristic figure showing sensitivity of Vg line to 
bispyribac -sodium* 

CW.71 

Figure 7 is a characteristic figure showing sensiiiyity of the wild type to 
bispyribac -sodium. 
[Fig.8] 

Figure S is a characteristic figure showing sensitivity of the wild type to 
chlorsulfixron* 
[Fig9] 

Figure 9 is a characteristic figure showing sensitivity of Kb line to 
chiorsLilfuron. 
[Fig, 10] 

Figure 10 is a characteristic figure showing sensitivity of Sr line to 
chiorsutferon. 
[Fig, 11] 

Figure 11 is a characteristic figure showing sensitivity of Ga line to 
chiorsulfaron, 
[Fig.12] 
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Figure 12 is a characteristic figure showing sensitivity of Vg .line to 
chlorsulfutoa, 
[Fig- 13] 

Figure .13 is a cfearacteristie figure showing the relation between the 
fraction tomher and absorbance at OD 525 nm in aiiion exchange column 
chromatography performed for the purpose of separating the ALS protein of the 
resistant mutant, 
[Fig. 14] 

Figure 14 is a characteristic figure showing the relation between the 
fraction number and ahsorbanee at: OD 525 nm in anion exchange column 
chromatography performed for the purpose of separating the wild type ALS 
protein. 

[Fig, 15] 

Figure 15 is a characteristic figure showing sensitivity of the wild type 
ALS protein and the mutant ALS protein to hlspyribac-sodium. 
[Fig. 16] 

Figure 16 is a characteristic figure showing sensitivity of the wild type 
ALS protein ..and the mutant ALS protein to chlorsulfuron. 
[Fig. 17] 

Figure 1? is a characteristic figure showing sensitivity of the wild type 
ALS protein and the mutant ALS protein to imazaqiiin. 
[FigaSA] 

Figure ISA shows a nucleotide sequence comparison between 
Nippon-bare EST and maize ALS gene, 
[FigJgBj 

Figure 1 SB is a continuation from Fig. 18A and shows a nucleotide 
sequence comparison between Nippon-bare EST and maize ALS gene. 
[Fig,I9Aj 

Figure .19 A is a nucleotide sequence comparison between the full-length 



- 119 - 



cDN A derived &om Sir line and wi ld type cDNA L 
[MgJ9B] 

Figure 19B is a. continuation from Fig. 19 A*, and shows a nucleotide 
sequence comparison between the full-length cDNA derived from Sr line and 
wild type cDN A L 

Figure .190 is a contlniiarion from Fig. 19B ? and shows a nucleotide 
sequence comparison between the full-length cDNA derived from Sr line and 
wild type cDN A 1, 
[Flg.20] 

Figure 20 shows processes for synthesizing ALS cBNAs independently 
having 01643T (WS48L) mutation or G18S0T (36271) mutation, and for 
constructing pGBX 2T retaining the ALS cDNA. Arrows denote primers, and 
asterisks denote mutated points. 
[Fig.21j 

Figure 21 shows a process for preparing CS12A (Fi 71 H) mutant DMA 
fragment and €5!4A (R172S) mutant UNA fragment. Arrows denote primers, 
and asterisks denote mutated points. 
[Fig,22] 

f igure 22 shows processes for synthesizing ALS cDNAs independently 
having C512A (PI 7 IB) mutation or CS14A (R172S} mutation, and for 
constructing pGEX 2T retaining the ALS eDKA. Asterisks denote mutated 
points. 

Figure 23 shows a process for preparing a DMA fragment having 
C5!2A(P171H}/C514A(Ri72S). Arrows denote primers, and asterisks denote 
mutated points. 
[Fig.24] 

Figure 24 shows processes for synthesizing PT71H/W548L mutant ALS 
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cDNA and P! 7111/86271 mutant ALS cDNA and for constra^ing pGEX 2T 
retaming the ALS cDNA, Asterisks denote imitated points. 
[Fig.253 

Figure 25 shows processes for synthesizing. P171H/W548L/S627I 
mutaM ALS cDNA and for constructing pGEX 2.T retaining the ALS eDNA. 
Asterisks denote mutated points. 
[Fig.26] 

Figure. 26 shows a comparison of sensitivity to bispynbac -sodium 
between the mutant ALS pro tern coded by t-pokit mutant ALS gene and the 
wild type ALS protein. 
[Fig.27] 

Figure 27 shows a comparison of sensitivity to bispyribac-sodium 
among the mutant ALS pro terns coded fey 2-point and 3 -pomt mutant ALS genes 
and the wild type, 
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[Designation of Document] ABSTRACT 
[Abstract] 

[Problems of the Mventio tf | 

Showing extremely high level of resistance to PC herbicides or to sulfonylurea 
herbicides. 

[Means to Solve the Problems] 

The present invention provides a gene coding for the following protein (a) 
or (b) showing; a high level of resistance to PC herbicides or sulfonylurea 
herbicides: 

(a) a protein which consists of at* amino acid sequence of any one of SEQ 
ID HQS: 2 ? 4, 6 and 8; 

(b) a protein which consists of an ammo acid sequence derived from the 
amino acid sequence of any one of SEQ ID MOS: % % 6 and S by 
substitution;, deletion or addition of at least one or more amino acids ? has 
resistance to a pyrimidinyl carboxy herbicide, and has aceto lactate, 
synthase activity. 

[Representative Drawing] None. 
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Fig. 1 A 



Hi id 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



Is id 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



#i Id 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



Wi l et 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



Wild 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



Wild 

P/R Mutant 
P/W Mutant 
P/S Mutant 
P/S/W Mutant 



Wild 

P/R Mutant 
P/W- Mutant 
P/S Mutant 
P/S/W Mutant 



Wi id 

P/R Mutant 
P/W iutant 
P/S Mutant 
P/S/W Mutant 



Wi id 

P/R Mutant 
P/W Mutant 



1 MATTMAA^MLSAM SMTGRKNHQRHKVLPARGRV8AAAVRCSAVSPVT PD SP A°P4T 
1 MA77AAAAAAALSAAATAK P6RKNH9R}iHVLPARSRVGAMVRCSAVSPV TRP^ WPA T 
1 MATTAAAAAMLSAAATAKTGRK^ 
1 MTTAAMAMLSAAAIAKTGRK$HGfi 

f ^tAITAAMAAALSAAATAKTGRKNHGP^HyLPARGRVGAAAVRCSAVSPVTPPSPAPPAT 

61 PLRPWSPAEPRKGAD i LVEALERCGVSO VFAYPGGAS^E I HOALTRSPV I TKHLFR1FG6 

81 RLRPWGPAEPRKGAD iLVEALERCSVSDVFAYPGGASiE iHQM TRSPVfffP «0G 

61 PLRPWGPAEPRKGAD ! LVEALERCGYSDYFAYPGGAS&tE f HOALTRSPV i'TNHlFRHPQG- 

St PLRPWSPAEPRKGAB ! LVEALERGGySBVFAYPGGASMEl HGALTRSpy I TMi[ PpycQfi 

61 PLRPI8PAEPRKGA0 i LVEALERGGVSDVFAYPGGASME I HOALTRSPV I TNHLFfiS 

1 21 EAFMSGYARASGRyGVCVATSGPGATMLVSALABALLDSyPMVA I TS9VPRRM ' GT8AF 
121 EAFMSGYARASGRVGVGyATSGPGATfiLySALADALLDS VPMVA ! TGQVHSRM 1 GID^F 
121 EAFAASSYARASSRYGVCVATSGPGAMJ/SALADALLBSVP 

1 21 EAFAASGYARASGRVGVCVATSGFGATNLYSALABALLDSVPMYA ! T 8QVHRRM1 GTDA p 



60 
60 
60 
SO 
60 



120 
120 
120 
120 
120 



180 
180 
180 
ISO 
ISO 



1 st mm YEVTRS JTKHNYLVLBVED i PRY ! 
1.81 GETPf YEVTRS i TXHNYLVLDVED i PRV ! 
1.81 QETP I VEVTRS1 TKHNYL VLDVED: S PRV J 
1 81 QEtPj VEYTRS i TKHMYLVLDVEDtPRV i 
1 81 GETPS VEVTRS'J IKHNYLVLDVED I PRV 



QEAFFLASSGRPGPVL VD I PKB1 QQOMAVPV 
GEAFFLASSGRPSPVLVD I PKB i GQSMAVPV 
QEAFFLASSGRPGPVLVD ! PKB i QGQMAVP V 
QEAFFLASSGRPGPVL VD i PKD i (MQMAVPV 
GEAFFLASSGRPGPVLyD i PKD ! QQ8MVPV 

241 #TSMflLPGYiARLP.KPPATELLEQVLRLyGESRRPlLYV6C-SCSASGDELRWFVEiTG! 
24? WDT8M81PGY ! ARLPKPPATELLEGYLRL VSESRRP \ L WGGGCSASGDELRWFVErTS ! 
241 WDISMNLP8Y i ARLPKPPATELLEGyLRLVGESRRP i LYyOGfiCSASGDELRWFVEL FG ! 
241 WBTSMi&PSY 1 ARLPKPRATELLEGVLRLVGESRRP 1 L WGSSCSASS&ELRWFYEi f 6 
241 MJTSMMPGY ! ARLPKPPATEllEQVlj&ySESRRP 1LY\' ^GGSASGOELRWFVELTG } 

301 PYTTIL»GNFPSDDaSLRMLG«HGT¥YAHYAVDKADaUFGyRFsDRVTGKiEAPA 
301 P^TTL^GLC-MFPSDDPLSLRiLGMHGTWAMYAyDKADLLL AFGVRFDDRVTGiC fEAFA 
301 PVTTTLMGLGMFPSDPPLSLRWHGTVW'AVDKABLLLAFSV^ 
301 PyTTMLG^FPSDDPLSLRMLGMHGTVYANyAVDKADLLLAFGVRFDDRVTGK i FAFA 
301 PyimMGieNFF'SDOPLSLRft SMNGT WAMYAyOKAOLLLtf SVRFODRVTSK I EAFA 

361 SRAK i VH 1 D ! DPAE ! GKMKOPHVS i CAP VKLALQGLMALIS3SSTTKTSSDFSAWHKELB0 
381 SRAK | VH t 8 i OPAE 1 SKNKQPHVS f £^0yKiJ.LQ6Lt^LLGQSTTKTSSOFSASHNELDS 



240 
240 
240 
240 
240 



300 
300 
300 
300 
300 



360 
360 
360 
360 
360 



361 SRAK i VH i B I DPAE i GKMQPHVS ! GADVKLALOGLNALLQQSrTKTSSDFSAWHNELBG 

421 GKREFPLSYKTFGEE f PPGYA i QVLDEtTKGEA S L4TGvSQHQkWAAQYY7Y<PPPQ'f S 
421 QKREFPLGYKTFGEE I PPGYA i GVLBELTKGEA I 1 ATS VGQHQMWAAQYYT VKRPpgrf"s 
421 GKREFPLSYKTFGEE! PPGYA ! GVLBELTK8EA I i ATSVSGHQMUQYymTTOlS 
421 QKREFPLGYKTFGEE I PPGYA ! GVLDELTKSEA i IAT8V6QH(«A0YYTY^PRW 1 
421 QKEEPPLGYKTFSEE 1 PPGYA i QVLDELTK8EA 1 ! ATGVGGHGMWAAQYYTYKRPRQ^IS 



420 
420 
420 
420 
420 



480 
480 
480 
480 
480 



481 SAGLGA^SFGLPAMGASyANPGVTVVD i DGB8SFLM? 1 } i QELAL I R I EUi PVKV^VLNl^G m 
481 SAGLSAMGFGLPAAAGASVANPGVTVVD ! DSDGSFLMN ! QELAL I H \ EMPWXWAW* *40 
481 SAGLSAMSFGLPAAAG ASYANPSVTVVD I DSDGSFLMN f QELAL \ R f EfJLPVKVMVLN!IO *m 
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Fig. I B 



P/S Mutant, 
P/S/W Mutant 



Wi id 

P/R Mutant 
P./W Mutant 
P/S Mutant 
P/S/W Mutant 



WifG 

P/R totsnt 
P/I Mutant 
P/S Mutant 
P/S/W Mutant 



4fc1 SA8L6A88F6LPAMGASVASPSVTW0 1 BGD6SFLM! OB Ai ffij ENLf*VKV*ftLNHD- 

541 HtSMV7Q&EDRryKAfjflAHTYl6NPECESE I YPDFV? ! AK8FN 1 FAVRVTKK^EVR HAIK 
541 HLSfM'QWEBRFYKANRAHTYLGMPECESE I yPDFVT ! AKGFN ! PA VRVTKKSPVP^ i K 
541 HL6MVV0LEDRFYKAI® AHTYLQNPECESE i YPDFVT } AJCGFW I PAyRVlKKSEVRAA ^ 
541 HL6Ml«DRFYKA^^ 

541 HLSIIVVQLEDRFYKAfJRAHTYLiSKPECESE I YPDFVT I AKGFN ? PA VRVlKKsly^A j K 
******* 

601 KMLETPGPYLLD 1 ! VPHQEHV'LPM i PSS6AFKDM i LDSD8RTW 
601 KMLETPSPYLLBi I Y PHQEHVLPM I PSGGAFXOM I U3GDSRTVY 
601 KMLETPGPYLLD 1 1 VPHOEHVLPM f PSG6AFKDIV! f LDSDGRTyy 
801 KMLETP8PYLLD! i VPHQEHY1PM j P I'GGAFKDM] L DGDGRTyY 
661 KMLETPSPYLLDi i VPHOEHVLPMiPiGGAFKDM! LDGDGRTVY 
m************ ************* - -***************** 



540 
540 



600 
600 
600 
600 
600 



644 
544 
644 
644 
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Fig. 2 A 



P/R Jtolat ior) 
P/W Mutation 
P/S fetation 
F/W/S fetation 



^ id 

P/R Mutation 
P/W &tst ion 
P/S Butstich 
P/WS Ifciftftiofl 



Wi Id 

P/R ikitatitHfi 
P/S Station 
P/S Mutation 
P/W/S tetsti on 



Wild 

P/R tttitstim: 
F/W Mutation 
P/S Station 
F/W/S fetation 



Wild 

P/R Mutation 
F/W Mutation 
P/S Untax Ion 

m/s mtst i on 



P/R Mutatjon 
P/W Mutation 
P/S Ikii&t ioii 
" :ion 



Wi Id 

P/R station 
P/W Mutation 
P/S fetation 
P/WS Potation 



Wild 

P/R station 
P/W ^titatjon 
P/S Mutation 



ton 



It HA 

P/R Mutation 
■p/ff' Mutation 
P/S Mutation 
P/S/S Iteration' 



frld 

P/R Mutation 
P/W Station 
P/S Mutation 
P/WS station 



fi id 

P/R Mutation 
p/8 Mutation 



;t .SCCAAAC£€A&^ 

1 CCCMACGCAGAMCGCT^^ 

1 GOGAAACCGASAAACCCTCSCCSCGGCCSGCGGCGCCACCAOGC^DGATGaCTACO^CGG 
1 CCeAAAGCCASAAACGCTCGGCS J ; 3 ':-G0CGCC8CCACCACCCACCATGSC7AGGAC(jS 
I CGCAAA^CAaAAACCCICSCOaGCaC.CaCDGCO^ 

61 CGGGGSCCGCG@C3£^ 
61 CCGGGGp^ 



61 CCEC6GCCSCG^ 



121 ■ACQA8£6A&ACCAG£t 

tat GGSGSGT0TGCCG8GTGAGG€CGGC^TGCO G G6G GCGGCi 3GCCACGCG6GTGC66GCGT 
181 CGGGGGI8TGGCGaGTCAGCCC^GCGTGCCCG6C6GG6GGGGCCAGGrx;GGTCG6aOGST 



1 

241 SGeGGCGGGGGGA^CCGGGGAAeeGCGGGGAGATGCTGGTGGAOGCSCTGG^eGeGTGne 

24] GGGGSGGGGCGSAGCGGOGCA^ 

241 S6GGGCGGGGGGAGGCCGGC^AGGGCGG(jGACATGGTCGTGGAGGGSGTQGAGCG8TGGS 

241 GGGGGGGGGGCGAGCCGCeGAAGaGCeCGGACATCCTGGTGaAG^GGGTGGAGOGGTGCG 

241 GGGG GGCGGGGSA8CODC6CAAS GGGGG GOACA TGGTGGT SGAGG GGGTBGAGCGGT G G S 




301 GGGTGAGGG AOGIGT JGGGO T AGGGGGGGSSCGOST CCAT £G AGA T OGA&GAGG CSOTG A 

361 GGCGCt 0G0DG8IGAT0 AGGA ACG AGO! CT TCCGCCACGAGG AGGSOGAGGOG T| GGG8G 
361 GGGSGICGCCGeT^ 




421 GGTGCGGGTAGGGGCGGGGGTCCGGGGGC^TCGGaGTGTGCGTCGGGACGTCGGGGCGGG 



6GGGTGTSGST08GCA CC TGGGGCCOGG 
421 GGTCGGGGTACGGQCGGGCGTGCGGGGGGGTCGGGSTGTGGGTOGGGAGGTGGGGGGGGG 

4Bt GGGCAAGGAACGTOGTGTGOGGGGTGSGGGACGCGGTGGTeGACTGGGTGGCGATGGTDG 
481 GGGGMGGAACGTGGTGTCGGCGCTCGGCGAGGGGGIGGTCGAGTGGGTGGGGATGGTGG 
481 GGGCAAOCAACCT GST GTC0GG6CT G6 CC6 A i 9 1 G C T 6 CT C G A C TCC 6 T GGCGAT GG TOO 
481 GGGCMOCMCCTCGT^TGCSGfiGTCGCGGAGGOGC] GOT G G A 0 7 G ; : G TOGOGAT G6TG G 
481 fi6SCAACCMGGtC8T<jTGC6^ 

541 CGATCACGGGGGAGGTGCCGOGCCGGATGATGGGGACGGACGCGTTCGAGGAGACGCGGA 
Mi OGATCAGGGGCCAGGTGGAGAGCCGCATGATCGGCACGbAOGCGTTCCAGG^ACGCCOA 
541 C:GArGAGGGGCCAGGTGCACGGGGGCATGATGGGGACCGACGCGTTGC A G G A G AGGGGCA 
541 COATCACGEGCGAGin'GGAGCGCCS^^ 
541 £GATGAG8S8CGA8 

****** ^ 
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240 
240 
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300 
300 
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360 
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360 
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420 
420 
420 
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480 
480 
480 
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540 
540 
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Fig. 



^3 1E3 



P/S Mutation 
P/W/S Mutation 



P/R Mot st ion 
P/W Mirtst ion 
P/S Mutation 
F/W/S Mutation 



wi id 

P/R Juration 
P/W Mutation 
P/S fetation 
P/l/S Mutation 



Wild 

P/R fetation 
f /W Mutation 
P/S Mutation 
P/WS Mutation 



ft'i Id 

P/R Station 
P/W Mutation 
P/S Mutation 
P/W/S Mutation 



m id 

P/R ^utatton 
P/W fetation 
P/S Mutation 
P/W/S 8ut st I on 



601 TAGTGaAS8TGACCCGCTGGATCAGCA^GC^^ATTAGCTTGTCCTT8ATGTS6AeGACA £60 

601 TASTGGAQGTCAGCCGCTCCATGACCA^6CAGMTTACCT?GTCCTT6ATGTGGAQ6AGA 66D 

S61 TCCOGGSC&TGAJAGAS 720 

661 TCGGCGGCGTGATAOAGGAAGCGT^ 720 

661 TCCCC3GGGTGATAGAG6AASCCIT0rTCGTC6CGTCCTCGG^CGSTCCT6GGGGG6TGC ?20 

061 T€CGGG : 6GGTGATACA6GAAGCCTT0TTCCTCOCeTCCTCGSGCCGTCGTGGCGGGGTGG 720 

661: TCGCGGfiCGTCATACA^ 720 

721 TdeTesAGATCctwG^ im 

721 T0e€^{MTG:GCC^A6BAGATC^GASCASATS6GDGTSGC6GTCT66fiACAC€TCSA 780 

721 TGST&AC&TCCCC^ 7§6 

72 1 ■ T68TG6ACATGGGCAAGSAGATCCA8CA0GA : 8AT86CC6T<jCCGSTGTGS6ACAGCTC8A 780 

721 TSGTOS AG ATGCOO A AGGAC ATOCAGC AGCAG A TGG CCGTGCCG 6 T 01 G GG A CACC TOGA 780 

7:8 1 16 A At GTAGGASGG T AGAT C 8CACS GOT GOOCA AGGCAGOG GOGAGAGAA J T G G TTG AGO &4Q 

m TGAATGTAGCA6SGTACATGQGAGOGGTCCGAAGGGACGGOG6ACAGAATTGCTTOA0C 840 

781 T(3AATn'AGGAGSSTAGATGfiGACGCGT6GGCAAGGCAGGGGCGAGAQAATT6GTTGAGG S40 

781 TGAATGTAGGAGGGTACATOGGAGSGGTSGCGAAGCCACCGGCaAGAGAATTGGTTGAGC 840 

781 TGAATCTAGGAGGSTACATCSGACGC&7^ 840 

841 AaSTGTTGOGTGTGGTTGSGGAGTGACGGGSGGGGATTGlCTAieTGGGieGTGBGTGCT 900 

84 1 A GG TGTT&GGT CTGOTTS GCG AG 1 C AC G GOG GOCG ATT CTG TA TG T CGGTGGT GOGTGGT BOO 

841 AG6ICTTGGGTGTGGTTSGG6ASTGACG6C8CG0GATTGTCTA1GTGQGTGGTGGCTSCT SGO 

S4t AG8TCTTGGGI0TGGIT8GGGAGTCACGGG6CGCGATTGTCIATQTC8ST6GTGGCTGGT 900 

841 AGGTGTTGOGTGTGeTT^GCeASTCACGGCGGCGGATTCTGTATGTGGGTGGTGGGTGCT SGQ ; 

901 CTGCATCTGGTGAGGA AITS CGGTGGTTTST TG A GO T SAG! GS TAT GCOAGIT AGAAGCA 960 

901 eTGCATCTGGTSAGGAATTG^ 980 

§01 CISC ATG7G GIG A CGAAT TGGGGTGGTT IS IT G AGCTG AGTG G TATOGGAGTI AO A AG^A 960 

901 CTGCATGTGGTGAGGAATTGCGCTSG:TTTGTTGAGGTGAGTGSTATC:CGAQTTACAACOA 960 

001 GISGATCT^^ 960 



Wi ld 96t GTGTGATGGGGGTCGGGAATTTCCCGAGTGAGGAGGGSTTGTCGGTGGGCATGCnGGGA 1020 

P/R Hutsition 961 OTGI GAT GGGCGTGGGGAATT TCGGCAGTGAG£A££€8TT6 T CCGTGCGGATG GIT G GG A 1020 

fW Mutation- Ml GlCTGATGGGGCTGGOGAATTTCGGGAaTGACGACGGGTTGTCCGTGGQGATGCTTGGGA 1020 

P/S Stetst i on 981 CTGIBAIGGGOGTCGBGA ATITGCCGAGIG AGG AOOCG T TG T CGOTGOG C ATG GTTSG G A 1 020 

P/S/S ^utati em 981 CT 0TGAT6GGC0TGG GOAAT TIC GOCAG T G A GGA CCGGTT S TO C G T GGGCATGCT TG GGA 102:0 



m id 

P/R Mutation 
P/W Mutation 
P/S Mutation 
P/W/S Mutation 



Wild 

P/R Mutation 
P/W Butstim 
P/S Mutation 
P/W/S Mutation 



P/R Mutation 
P/W Mutation 
P/S station 
P/W/S teat j on 



1021 TSGATGGGAGG6TGTAGGGAAATTATGGCSTGGATAAGGGTGACGTGTTGCTTGGGTTTG 

1021 TGGATGGG^GOGTGTAGGGAMTTATGGGGTOGATAAGGOTGAGOTGTTGGTTGOSTTTG 

1021 TGCATGGGACGGTGTAGOGAAATTATGGGGTGGATAAGGOTGAGOTGTTGCTtGCGTTTO 

1021 TGGATGGGAOGGTGTA0GGAAATTATGGG0TGGATAAGGCTGAGCTGTTGCTTGGGTTTS 

1021 TGCATGGC^GTSTACGCAAATTATGGGGTSGATAAGGGTGAGGTGTTGGTTGCGjTTG 

1081 SISTgtWfTSA^ 

1081 6TGT0GGGTTTGATGATCGTST0AC^GGQAAMTTGAGGGTTTT:GGAAG€AGGGGGAAGA 

im GTGTGCGGTTT0ATGATGGTGTGACAG8GAAAATTGAGGCTTTTGGAAGGAGGGGGAAGA 

1081 GTGTGGGGTTT6ATGATGGT8TGACAGGGAAAATTGACGGT1TTGGAA; ASG : AAG/ 

1 081. ^TGTGGGGTTTGATGATCGTGTGAGAGGGAAMTIGAGGGTTTTGCAAGGAGGGGGAAGA - 



1141 
fl4f 
1141 
1141 
1141 



TTGTGGAGATTGAGATTGAIGGAGGAGAGATTGGAAAGAAGMGGAACCACATGTGTGAA 
TTGTGCAOATTGAGATTGATGCAGCASAGATTGGAAAGAAGAAGGAACOACATaTGTGAA' 
TTGTGGAGATTGAGATTGATCCAGGAGAGATTGGAAAGAAGAAGGAAGCAGAT6TGTGAA 
TTGTGGAGATTmGATTGATGCAGGAGAGAnGGAAAGAAGMGGAAGGAGATGTGTGAA 
TTGTGGAGATTGAGATTGATGCAGGAGAGATTGGAAAGAACAAGGMGGAGATGTGTCAA 



Km 
torn 

1080 
1080 
1080 



V14Q 
1140 
1140 
1140 
1140 



1200 
1200 
1200 
1200 
1200 



m\d 1 201 ■ TTTGGGGAGATGTTAAGGTTGCTTTACAGGGCTTGAATGGTGTSGTAGAAGAGAGGACAA 1 ?S0 

P/R 'Mutation 120] TTTGGGCAGATGTTAAOCTTGCTTTACAGGGGTTGAATGGTGTGGTAGAAGAGAGGACAA 1260 

PM gut^t ion 120] TTTGGGCAGATGTTAA6C1TGCTTTACAGGGGTTGAATGCTGTGCTAGAACAGAGGAGAA 1260 

P/S station 1201 TITGGGC^GATGTTAAGGTTGGTTTAGAGGGGTTGAATGGTGTGCTAGMGAGAGGACAA 1260 

P/W/S Mutation 1201 TITGGSGA'GATGTTMSGTTGGTTIAGAGGGGTTSAATGCT^GGTAGAAGAGAGCACAA 1260 



Wild 1261 GAA^GACAAGTTCTGATTTTAQTSCATGGSAGAATSAGTTSSACCASCAGAAfiAGGGAGT 1320 

P/R Nutation 1261 CAAASAGAAfiTTCTGATT1IAQT6CATGGCAC^ATGASTTfi6ACCAS0AGAAQAG6SA3T 1320 
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Fig. 2 0 



P/W tot st Ion J 261: GA AAG A C A A GT T €T G AT i T T AO T GO ATG GO ACA A T GAG T T GGACCA G C AG A A GAGS 6 A3 7 1320 
P/S Mutation 1 261; CAAAaACM5TTCTGATTTTA6TSeATGQCAGAATGAGTTGGACGAGGAGAAGAGSSABT 1 320 
P/W/S Mutation 1261 .CMA£AGM8TTCT6A?T^ 1320 



Wild 

F/R station 
P/S Mutation 
P/S Mutation 
P/W/S Mutation 



1 321 TTGGTOTSGGGTAGMAACTTT70GTGA 1 380 

1321 TTCGTCTGGG6TACAAAACTTTTGGTGMGAGATCCGACCGCAATATGCGATTCAGGT0G 1380 

1 321 TTCGlCTSGGGTACAAAA€TTTTGSTaM^AQATGCGACOaOAATATGCGATT€ASGTGC: 1380 

1 32 1 TTCQTCT0G0GTACAAAAGTTTTSGTGAAGAGATOCCACCGCAATA7GCCATTCA8STSC 1 380 

1 32 J tTGCtCieSfiSTACAAAACTT If S6 TS AA^ATCOGAGCGGAAT ATGGGATTCASGTGC 1 380 



Wild 

P/R Mutation 
P/g Sutation 
P/S Mutation 
P/W/S station 



s.3 la 

P/R : - Nutation 
P/$ Mutation 
P/S Mutation 
P/W/S fata* ton 



Wild 

P/R station 
F/r fetation 
P/S Siitst'i:6n 
P/W/S Mutation 



m id 

P/R fetstjcm 
F/r Mutation: 
P/S Mutation 
p/W/S :' Mutation 



Wf Id 

P/R test ran 
:iP/» Mutation 
P/S !3?jtstion 
P/W/S nutation 



W? Id 

P/R Mutation 
P/$ fetation 
P/S Mutation 
P/W/S feat* em 



1381 TGGATGAGGTGAOGAAAGGTGASGCAATCATCGGTACTGGTGTTGGGGAGCAGCASATGT 
13:8!- 7G6ATGAGGT6AG:GMAGSTGAG:GCAATC^TGGCTACT8QTG7T:QSGCAGCACeA{5ATGT 
1381 TGGATGASCTGAGSAAAGST6AGSCAATCATCGGTAGTSGTeTT8GG:eA6CA€CAGA : TGT 
1381 TaGATGASGTGACGAAAGGTSAGSCAATGATCGCTAGTGGTGTJGGaCAGCAG^GATOT 

1381 rsdAmecr^^ 

1441 SG6CS6CACMTATTACACCTACM8 

1441 GGGGGG GAGMTAT7AC^CTAGAAGGGGCCAGGGGA6TG0GTSTGT : TG8G€TGGT€TaG 
1 441 SG0G8O€AGAATAITA(^CGTAGAAG : CGGGCACGGCAGTGGGTSTGTICG^CTGGTCXGG 
1441 GSGGGSCACMTATTAGAGCTACAAGGGGGCAGGSCAGTGGGTGTCTTDGe^TGfiTCTGG 
1441: GGSCGGCACM^ 

1 501 : 6€O0MTS6^ ; nT6SSCTGGGTSOT^CA60TS'GTSCT70TST6QGTM0COA€STGTGA 

1 501 ggocaataggatttgggctgggtggtgcaggtggtg gttc7gtggctaacccaggt6tga: 
1501 sogcaatggsaxtts^ 

1 501 bcgcaatgggatttg660tscgtggtggagctggtggttct6taggtaagcca6gtgtca 

1 501 SGGGAATGGMTTT0GGGTGGGT6GT6CAGCTeGTSCTICTGTGGGTAACC€AGGT6TGA 

] 56 1 GA8TJSTTGAT AlTGATGGeGATGGTAGGTTCCTCATGAAGATTeAGGAGGIGGCATT GA 
1561 CAGITGTTGATAnMIGGG^^ 
1 561 OASTlTriGATATIGATSGGGA 



1581 

1561 



:GAGTIGTTGATAITGATGGSGATG8TAGGTTGGTCATGMGATTCAGGAGCTG6GATIGA 
CA8TTGTTGATATTGATGG6GATGGTAGC7TGGTCATGAAGAIIGAGGAG0TGGGATTGA 



1821 TCOGGATieAGAACGTGCCIGTBMGG 1 GATGGTG T7 G MCMCCAACAT TIG GS7ATGG 
1621 : TCCGCATTGA6 AACGTCCGT GT6.AASG TSATSSTGI TS AAGAACGAAGATTIGGOT ATGG 
1621 TCGGGATT SAGAAGOT CCGTG T G AAG GT GAT 06 T GT T &AAGAAC0AACA7 TTSGSTATGG : 
1621 TOG8GATT GAG AAGGTCCCIG7GAAGGT6ATGGTG T 7GAAG AACG AA GAT TTG€GTATGG 
1:821 ICGSCAITGAGMCGTCGGTGTGAAGGTGATG6TSTTGAA 

1 66 1 IGGTGGMTGOGAGGATAGGTTTTACAAG^QGAATAGGSOGGATACATACTTCiGGGMC^ 
1631 TGGTGCAATS6QAB6A7AGGTTT T AC AA !> 2 \) ^TAGATACTTGGSCAACG 
1681 T G ST GG AATT GGAGG AT AGGT T7T ACAAGG 0 GAATAGGGG6CATA GAT AG TIG SGGAAGO 
1681 TGGTGGMTGGGAGGATAGGTTTTAGMGGGGMTA6GGGGGATAGATAGTTGGGGAACG 
1681 IGGTBOMTTGGAGGATAGSTm 



1440 
144G 

im 

1440 
1440 



1500 
1500 
1500 
1500 
1500 



1560 

1560 
1560 
1560 



1620 
1620 
3620 
1620 
1620 



1680 
1680 
1630 
1 680 
1680 



1 740 
1740 
1 740 
1740 
1740 



Wild 

P/R fetation 
F/W fetat i an. 
P/S Mutation 
P/W/S Mat Ion 



1741 GGGMT6TGA6AGGGAGATATATGCAGATTTTSTGAGTATTGGTAAGBGGTTGAATATTC 1 SDO 

1741 GGGAATG7GAGAGCGAGATATATGGAGATTTTGTGACTATTGGIAAGG0GTTCAATATTG: 1800 

1 741 CGGAATGT6A8AS0G AGATAT ATCCA6ATTTTG T G ACT AT TSOTAAGG GG TTCAATATTG 1 BOO 

1741 OGGAAIGTSAQAGCGAGATATATGGAGATTTTGTGAGTATTGGTAAGGGGITCAATATTO 1S0O 

1741 GSGAATGTGAQAGCGA^ 1800 



# I I d 1 861 CJGGASTCCGTGT AAGAAAGAAGAGTGAAGTCCGTGCGGCOATOAAGAAG ATSCTSGAGA 

P/R fctat t or 1801 CTGGAGICG6T6TWCAAAGAAGAGIGAAGTCCGTGGCGGCATCAAGAAGATGGTGGAGA 

P/W fetat ion 1801 CT6CA6T.CCST6TAAGA i 5 T G AA G f( GGTGGCGCGATCAA 8A AG AT6 0 T CGA8 A 

P/S Station 1801 GTGCAGTCCGTGTAAGAAAGAAGA0TGMGTCGGTG€GGCGATCAAGAAGATGCTGGAGA 

P/W/S fetation 180.1 GTGGAGTGGGTGTAAOAAAGAAGAGTGAAGTCGGTGGGGGGATGAAGAAGATGCTGGAGA 



1S6.0 
1860 
I860 
1860 
I860 



m H 1861 CTGCAGGGCC^TAGTTGTTSGATATGATGGTCCGGCAGCAGGAGCATGTGCTGCOTATGA 1920 

P/R Mutation 1861 GTCCAGGGGGATACTTGTTGGATATCATt^^ 1920 

P/W Mtftst i on 1 861. GTGGAGGGGGAIACTTGTTGGATA.TOATGGTCCGGGA0CAGGAGCATGTGGTGGCTATGA 1 §2.0 

P/S : Mutat ion 1861 CTGCAGGSCGAT^ 1920 

P-WS station 1861 CTCCASSSCGATAGTTG^ 1020 



Wi Id 



1 821 TGGCAAGTS8S86eGGATTGAiGSACAjSATCCTGGAT6GieATGSCAG6ACTSTSTAlT 1 980 
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Fig. 2 D 



P/R utat t on [921 TOCCA^T66066CSCATTCAAG^CAf6ATGCre t m 

m matim 19.21 T5COAA3?S8S8G^ 5so 

P/S f&tstioh 1321 TCeCMTTfiGSGGCGCATTCAAG^^ iq 8 q 

P/W/S station 1921; TS&OAATTSGSSS^ 1980 

■ ****** * 



-trld 

P/R Mutation 
P/S Mutation 
P/S Mutation 
P/f/S Mutation 



1981; MTCIAiAATCTSTA.^ 
ism: AATCTATM^ 
1.§8t: AAJCTATAAFOJ^^ 
tWMTCTATAATCTSTO 

1981 AAJCTATAATCT8TATSTTG6CAMGCAGCA8CGC66CCTATGTTT(MCCTGAAfeA0CC 



2041 AIAAASA0T8GTATGGCW 




WUd 

P/H fetation 
P/W feliitstion 
P/S Mutation 
P/W/S Mutation 2041 ATAAMAGTOGIAI^^^ 

P/R dotation 
:F/»-» utat ion 
P/S Mutation 
f?/W/S fetat ion 




P/R fetation 

p/w testis 

R/S liutaticrt- 
P/W/S fetation 



P/R Mutation 
P/W fefot.ation 
P/S Mutation 
P/W/S ^tatlan 



IS Id 

P/R Mutation 
P/W Mutstlcn 
P/S Mutation 
F/t/S Mutation 



2161 GCTTCCTGCTSTCTAGSrTTGTA^^^ 

2161 8GTTCCTGCTGTGTAQ8T7T6TA6TfiTSTTST'FTTCT6TASSGATATGCATGAGAXGATA 

2161 GCTTCCrGCTGTGTAGSTnGTAST^^ 

2151 ^CTTGCTGCTGTCTAGSTTTSTASTGTSTTS^^^ 

216T 6GTTeGT6GTSTCTA6GITT&TA8T6TSTTGTTTTCTaTAGGC 



2040 
2040 
2040 
2040 
2040 



2100 
2100 
2100 
2100 
21P0 



2160 
2160 
2160 
2160 
2T80 



1220 
2220 
2220 
2220 
2220 




2221 TCATGTM6 

2281 AAAAAAAAAAAAAAAAAAAAA 
2281 AAAAAAAAAAAAAAAAAAAAA 
2281 AAAAAAAAAAAAAAAAAAM 
2281 AAAAAAAAAAAAAA 
2281 AAAAAAAAAAAAAA 

^^r*^c*3|c.^**^*^^: > t * ,* * * 



2280 
22S0 
2230 
2230 
2280 



2301 
2301 
2300 
2204 
2294 
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Fig, 3 
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Fig. 4 
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Fig. 5 



a 
o 



OS) 



900' 



700 



5001 



300 



Ga line 



100^ — 1 ■* — f — w — s ' — i — — i — *** — r 

Control 1 nM 10 nfcA 0.1 ^ M t-#t M 1 0 jx M 



Bispyribae-sodiiim concentraiioB 



9/34 



400 ] Vg line 




Control 1 nM 10 €U > M 1 fi-U IOjk.M 



Bispyribac-sodiimi coBCeBtration 



10/34 



Fig. 7 
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Fig. 9 
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Fig. 1 0 
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Fig. 1 1 
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Fig. 1 3 



Sr line strain 




Fraction No. 



17/34 



Fig. 1 4 
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Fig. 1 b 
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Fie. 1 6 
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Fig. 1 7 
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Fig. 1 8 A 



1s t fccj eot ?dfi: Sentience 
fi Name Nippdnkarg: ALS partial gDMA 

Sequence Size ■ 1505 

2nd teleotide Sequence 
Fl !e Ume : X63554 &a?2e ALS: 1 

Sequence Size : 2544 

**•* ** ** 

mri^iesissAGs^ 

24' GArdCC^ 

S4' iSCTGSTCGAOATCC^^^ 

: *#* ** . ***-^******^ 3*^*:jfc***:fc:- * 

I44 H SATMATGTAGCAG^^ 

**** *** ** *****^**** ***** ******** ****^*** *****: 
****** ******* ***** #* **^********, **** ***** A* : . s*sf?*t*t#***fr 

m CTGTGGAI CTGGIS AC8AAT T6G6CT6GTTTSTTSAGGJ6A0 TG67ATC0C&8TTA0MG 

* . ***** ' ***** **. *** **. * ***** ***. ***** 

GAGTCXSATS8S(#T^^ 

$***$ ****:*ifc** ***** ******** *;$***=$«£:£ **** **;**^:^^^;*s>:.^: 

1501* TA€?CTTAT83GC&Tf(a^ 
384* ^TGCAB£GACGS^^^ 

'i-***^'****** '*»**'** ' *********** *********** **• ******;£^**A *jie 

1SSr TATSCATGSSA^^ 
444* XG6TSTGGSOT^^ 

**************^**^ **•**; *# ** 

1 62 r XSG'TSIGSMmG^ 
504* ^TTaT&AOAT^ 

*****:^(****:****: ' ******** **. ******** ^.^^^4c - : ******^*** 

564 f AATTTSCBGA&ATSnAASCTTSG^ 

**• ** *^*>**:***^**s»c***^* • ****** ***** **** ** ** ***** 

1741" aTCTSTaCA6ATeTTAAeCTT60TTT^GAGGaSAT6MTACTGTTCT6SAAS6AA6CAC 
624* AAGAMGAGAAGTT GfGATT T ? AGTC&AIG8GACA ATSAGT ISGACCA0GA8AAMGGB A 

* . ****** ** * *** **• *. • ******* **** ***** 

AiGAAAGAABMCTTTGAG 

****** ** **•** **** **• *** **. **** • ** . $***$;te** **;#**.*:** 

1861" GfTTCCQe?^^ 
744' SGTGSATSAG^ 

'sites*- .*:*&£** * ******* • ** ***** ***** **.' **' ****^********* ****** 

804" SIBGSCGGCA^ 

. ************ *********!*#*. i**^***34c***>***^%*. *f*****ij5* 

1 SB 1 " STGQGC^^ 
864' GGeCSCAATSGBAm 

** :**, *********** •: **** ***** ********* ******* *********>** 

mm * TaesmTATSGGAm 

924' CACASITSTTGAIATT^ 

*** *?******* ** ** ** ******^**^****^ **' * 
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Fig. 1 SB 



zwr mimmmoAmmmmmmcmQmjmmmmAmmmki 

m' GATCC$CA T T S AGAACG I CCC TSISAA ©816 AX GSTSITSMGAAG CMC AT TT6SSTAT 

#***•**: *#**:^**^*^' * . *\ . jjs*. * ^ 5** 

1Q44* GSTSSTSGAA^^^ 

*********. ******** ***** **• %**^-,&4ftt%* ** ** **** ** 

222r mmmmmmmAmmmmmm 

1 1 04" CCi^aA^ 
228 1 * GCGA^£AAC^ 
1 1 64' IT.cpSGASTC^^ 

**** *********** ^a^******^ *^-£*3**: *** stc*- *^***:M«**A**** *: 

;224 > A&3CT:CGA6G^^ 

2400~,A6^I^ 

1 284* T&ATOCCAAGTGS^^^ 

******* ***** • ** ** ******** *******^***^#-^ 

1344' ATTAATCTATAAT0T6TAT6TT$6CA GA 

***: * *** * ** * * 

2520" ATTGATCCGT7SAGTfiCA66TC8AC 
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Fig. 1 9 A 



Ht Nucieotiie Ssquame 

File Ns0s| : 2-pomt mutant full-length ALS cBNA 

2nd taicieot tde Sequence 
f i ! a toe : wild type full-length ALS cDHjk 

■1 ' GTesCCGCG^ 

1 * CCGAAA0aGA:QAAACGCTCGC0SCCQ0OeCQSCCGCGAGCACCCACOATS6aT AS8ACGS 

45' gcsgs^^ 



241" SB^^ 

405' dGTC^SSSTACC^ 

42 r G8IGG68SIAGGG$ £80806^ 

4€£' £8S<$AGGMCC7CSTSTC^ 

M 1 * SSdCMaSAACC^^ 

SW OPATCACSSSGGAG^JCG^ 

54r CSATGA^ 

585' TAGTpASGTCA^^ 

sor ^ 

6 45 r ICSCCCG COIC1ATAGAGQMGCCTT0TTCG TCSGG TGCT08G6C GOT €CFf SSCGG^TGG 
**<******:**:*:**^^^ 

70S 1 IG3TG6AGATCGCCAAG&ACA 
****:********^ 

721" TSeTGSAOAKCC^ 

766 f TGAATCTAC^^ 
****^**#^ 

nr ts^tgtac^ 

Ml" A^TSTTSGSTC^ 
$»' STp&AXQT^ 

945' CrOT£&TG'GSCGTS<&^^ 

*^******:*******^^ ************* 

§81 * GTCTMTGGacCTGSaCAATTTCCCOAGTQAO^ACGGgTTSTCGGTG CSCATGCTTGGGA 
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Fig. 1 9 B 

1021* TSGAT6GCACaGTSTACSCAAATTAT8CCGT6SATM : S6CT^eCTSTT6CTTSe6TTTS 
t065 v ST8T8C^TTTSAT8A7(^T6T6AGASSSMAAn 

11.41" TtiSTk&GA^^^ 
lias* TTtSG8£A&ATG?TAA{^ 

1245* eAMGACAASTO^ 

1 2 61" CAAA8ASAASTTC7$A^^ 

1306* TT^TGTGSe^ 

1365' TjBWT&fifc^ 

1425* GSSGSSCACAAXATT^^ 



1441 * SGCsCGOGACAATAITAGA^ 
148S ( SOGCMTGSSAmSGSGT^^^^ 
1501" :3CSCAAT6MAT?^ 

1545* CA^TTGTTtl4TATI6ATG86GATSGTAG GT TCCTGAT&A ACAI TCAGSA6CTSSCA I T SA 
1 561 ~ CAGTTSnGATATTW 
1605 r JCC6CAIJ6A0AAGCT 

TCCGGATISA^GG^^ 
1665' TSGtSCAATTG^^ 
I68r TGSl6GAAISS8A€0ATA6^^^ 
1725* CSSAATSTM^^^ 

i sot" CT®M$m®m&mmm 

TMl" G.TGGAGSG^ 

JSCS' TGGGMTT0GSGSG6GATTGAA6aACATBATGGTG3ATQQTGATG&GAG5AGT6T6TATT 

1965" MTCJATAA^ 
].9'8J" MICTATAAT£T£TATOT 
ATAAASAGTGGTA^^ 

** ^**»>i5******* ****** J**!******* **:N^**iM^****fc* *i* **^*****.^$* 

2047 r ATMASA3TGSTAT 6G6t ATSATtTr TtlTATSTSCTCTATeAATAAGTAA^TGTGAAGT 

mr atsm^ 



Fig. 1 9 C 

2205' I€ATS'TM6TT^^ 
22ir TSATSTAAOTTCTT^^ 
2265.' aAAAAAAAAAAAAAA 

22S1" aaaaaaamaaamaamAaa 
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Fig . 2 0 
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Fig, 2, 2 
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Fig. 2 3 
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Fig. 2 4 
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Fig. 2 5 
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Fig , 2 6 
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Fig. 2 7 
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